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r. INTRODUCTION 

The rocks, from Eastern Ecuador, described in the following pages were 
collected during two exceedingly difficult journeys, one in 1921 ( 5 ) 2 and 
the other in 1927-1928 (O. in that part of eastern Ecuador called the 
u Oriente r , lying between the Equator and 2° 8. Latitude, and extending 
from the culminating peaks of the Andes Mountains as far east as the con- 
tinence of the Napo and Coca Rivers, 77° west of Greenwich. 

The g(M>logieal results of the lirst expedition were published in part as a 
memoir (*1 ) which was limited almost entirely to a description of the sedi- 
mentary rocks and their fossils, the latter proving the presence in eastern 
Ecuador of sediments as old as the Albian subdivision of the Cretaceous 
period. 

Considerable petrographic work has been done on rocks from the Andes 
of Ecuador, but practically none on those from the “Oriente” or forested 
foothills and lowlands cast of the Andes. The volcanic mountains of the 

iThe publication "of this paper ha« bt>en made Possible through a grant from the 
Income of the John Juntos Audubon Fund. _ 

a Throughout the present paper italicized number# enclosed in parentheses refer to 
references similarly designated In the bibliography. 
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lofty Andes, such as Chimborazo, Cotopaxi, etc., have been a favorite Held 
of study for European geologists and the results of their investigations are 
set forth in so many papers that we cannot attempt to cite them all. 

The German geologists, Wilhelm Reiss and Alphons St libel, (.*) may he 
singled out for mention because of their labors, extending over a period of 
five years, during which all parts of the Andes of Ecuador were visited. 
They made collections of the different rocks encountered and submitted 
them to German petrograpliers for study. In the course of their investiga- 
tions they collected material from three localities on the western boundary 
of the area we are describing. 

Keiss and Stubel worked in Ecuador from 18^ 0 to 181 i ; in this period 
they collected about 6,000 specimens of igneous rocks. For the petro- 
graphic studies of these rocks over 1800 thin sections wore examined by 
various petrograpliers. Even the bibliography pertaining to the work of 
Reiss and Stubel and their collaborators is too lengthy to be cited in this 
memoir. 

Previous to the 1921 expedition of Sinclair and Wasson no pre-Tert i a r> 
fossils had ever been found in Ecuador. It was concluded, merely on the 
basis of similar rocks elsewhere, that the few outcrops of sedimentan 
rocks found here and there, in very disturbed conditions in the midst of 
igneous rocks, were of Cretaceous age. The igneous rocks of the Andean 
highlands of Ecuador have, however, boon described as Tertiary and Quater- 
nary lavas, and the metamorphic rocks, consisting of schists and gneisses, 
are thought by all geologists who have made field studies of them, to bo 
very ancient. 

The best description of the igneous rocks nearest our area is that of Von 
Wolff, (2) who gives in great detail the results of his petrographic exam- 
ination of the Reiss and Stubel collect ion from the peaks of the Andes along 
the western border of our area. 

The value of our collections from eastern Ecuador lies not only in the 
number of specimens and variety of igneous rocks represented, but in the 
fact that in this area, for the first time, the field relations between sedi- 
ments of proven age, and a large series of altered volcanic rocks, were 
clearly seen. In the “Oriente” the Cretaceous sediments occur over wide 
areas in a nearly horizontal attitude and at times their lower beds may be 
seen underlain by certain of the igneous rocks. In the Amies it is im- 
possible to tell whether the igneous rocks lie above or below the few sedi- 
ments exposed. 

The expeditions of 1921 and 1927 proved that volcanoes, hitherto 
thought to be limited to the high Andes, are likewise present in the foot- 
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hills and lowlands far to the east. The great volcano “Sumaco” lifts its 
mighty cone in the midst of the Cretaceous rocks of the foothills. In 
1926 a new and hitherto unknown volcano, called by the Indians “El 
Reventador”, came into activity at a point about 30 miles east of the main 
Andes, and it is possible that other volcanic centers may be discovered 
later. 

W ith the exception of several specimens of recent lavas collected from 
lava streams which have flowed down the slopes of Anti Sana to the Oriente, 
and from other localities which may represent isolated outflows of lavas, 
no other specimens of recent lavas were collected by the expeditions of 
1921 and 1927, because these are so widely distributed in the Andes 
immediately to the west and because they have been previously described. 

The only specimens of recent lavas from eastern Ecuador previously 
described in geological literature ( 1 ) proved to be unique in that they are 
the first feldspathoid lavas so far known in all of Ecuador. 

II. PHYSIOGRAPHIC FEATTJEES 

The region from which the collections were made is intermediate be- 
tween the lofty summits of the Andes and the low-lying Amazon plain. 
On the west are the great snow and glacier-capped peaks of Oayambe 
(19,000 feet), Antisana (18,700 feet), Cotopaxi (19,300 feet), Tungura- 
hua (16,500 feet), El Altar (17,400 feet) and Sangay (17,100 feet). 
On the east, at the confluence of the Napo and Coca Rivers, and only 
ninety miles from the above line of summits, elevations as low as 850 
feet above the sea are found. This general slope is interrupted by minor 
mountain masses, themselves of great elevation and prominence. The 
gigantic volcanic cone of Sumaco, for example, rears itself to an elevation 
of 12,500 feet half-way between Antisana and the confluence of the Napo 
and Coca Rivers. The still unexplored Galeras Mountains, twenty-eight 
miles south of Sumaco, have summits about 5,100 feet above sea level and 
the volcano “El Revcntador”, recently become active and situated about 
forty-five miles north of Sumaco, is a prominent mass about 6,000 feet 
above sea level. Thus, the area is one of strong topographic features. 

The rivers descend from the snow-covcred summits of the Equator in 
profound gorges, leaping in places down great cataracts and reaching the 
“fall line”, in almost continuous rapids, at about 850 feet elevation. 

HI. DIFFICULTIES OF EXPLORATION 

The difficulties of exploring this region are made almost insurmountable 
by the excessive rainfall which, in places, attains seventeen feet per an- 
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nuin, and by forests which cover the entire area up to an elevation of about 
10,000 feet above the sea. In these forests the few footpaths an* but gloomy 
tunnels through the vegetation, where the traveller wallows knee-deep in 
mud an {l is subjected to a constant downpour from rain and from the 
dripping trees. The temperature and climatic conditions \arv from the 
tropical heat prevalent at the mouth of the (Wa to the snow storms of the 
high passes, which have an elevation of 111,000 feet. The population is 
exceedingly limited. Dwellings of Indians arc found at very rare intervals 
and the occasional widely separated villages of the white pioneers have 
very few inhabitants. 

TV. PET LiOUH AP 1 1 V 

The forty-four samples of rocks described in the following pages, col- 
lected east of the Andes during the two expeditions of 1021 and 1027, may 
be divided into live groups : 

A. Metamorphie rocks ; schists of various types. 

R. Igneous rocks; chiefly surface types, of proven 
pre-Albian age. 

C. Igneous rocks; chiefly surface types, prolmhly 
also pre-Albian, but whose age is not certain !)<>- 
cause their outcrops are distant, from occur- 
rences of sediments of known geologic horizon. 

D. Granites. 

E. Lavas of late Tertiary, Quaternary and Recent 
age. 

The name of eaeh rock and the group to which it belongs on the basis of 
the above classification are shown in Table I. 

The igneous rooks, excepting the, granites and schists, might be sub- 
divided into two sub-groups, (l) surface flows and tuffs, of unquestioned 
pre-Tertiary age because of the profoundly altered condition of the rocks; 
and (2) volcanic rocks of Tertiary to Recent age, because of I he lack of 
alteration of any of the primary minerals. 

A. Mktamorciikj Rooks 
this schists 

The “core” of the Andes of Ecuador consists of metamorphie rocks, 
schists and gneisses, of unknown age, although they are, generally con- 
sidered pre-Paleozoic and are judged to he a part of the wide-spread forma- 
tion of the same character common in many parts of Mouth America. 
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TABLE I. 



Locality 

Sample 

No. 

Name of Rock 


Rio Papallacta 

1 

Orthoschibt. of complex origin 


Rio Papallacta 

2a 



Rio Papallacta 

la 



Rio Papallnct'a 

3 


a 

Rio Papallacta 

4 

flO 

Rio Papallacta 

5 


i 

Rio Papallacta 

5a 



Rio Papallacta 

6 



Rio Papallacta 

6a 



Rio Papallacta 

7 



Rio Quijos 

8 



Rio Quijos 

9 



Rio Coca 

1L 



Rio Coca 

L-a 



Rio Coca 

Z 


'So 

Rio Coca 

1 


U 

Rio Coca 

l-a 


w 

Rio Coca 

2 



Rio Coca 

3 


Rio Coca 

4 



Rio Coca 

5 


Rio Coca 

6 


H 9 O 

gB > 

Rio Coca 

17 


Rio Coca 

18 


* « 

S 

Rio Misahunlli 

A 

modified trachytic ash. 

! 

Rif) Misahualli 

69 


Rio Misahualli 

71 

Altered basaltic amygdaloid 


Rio Misahualli 

72 



Rio Misahualli 

72-C 



Rio Misahualli 

73 



Rio Jandache 

B 



Rio Pastaza 

7a 



Rio Pastaza 

7c 



Guacamayos Mt. 

A 


(b) 

PROBABLE 

PRE-ALBIA 

VOLCANTCfi 

Excepting 
Nos. 11 
and 12. 

Guacamayos Mt. 

B 


Guacamavos Mt. 

C 


Rio Papallacta 

2b 

Inoluded here for convenience. 

Rio Quijos 

12 


Rio Quijos 

11 


(c) 

Rio TJrcusikiyacu 

a 


Rio Napo 

b 


GRANITES 

Rio Pastaza 

7b 

Graphic granite 

(d) 

Rio Papallacta 

10 


QUATERNARY 

LAVAS 

Rio Cosanga 

2 



Til Ecuador those schists and gneisses outcrop from the Peruvian to the 
Colombian borders in an almost continuous, narrow band, running nearly 
north and south like the main Andean cordillera. The line of lofty vol- 
canic peaks forming the eastern boundary of the high Andes and the eastern 
slopes of these mountains down to what may be called the base of the 
Andes are included in this area. 

The schists are exposed at elevations as high as 13,448 feet 3 above the 
sea in this belt in Ecuador. In the western part of the Andes they are gen- 
erally concealed beneath enormous masses of lavas and tuffs, the products 

3 Feldspar-riel) mica schists, somewhat phyllitic, from the west summit of .Tacatuna 
de Numuloma western foothills of Antisana, according to Reiss and Stuhel. 
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of Tertiary and recent volcanic action. Ii is fairly logical to conclude that 
these schist are the oldest rocks of Ecuador. The peculiar narrowness of 
their outcrop suggests that they form the exposed base anil sides of a great 
fault-block which is tilted westward toward the Pacific Ocean. 

The schists described in this memoir were collected from t Ik* hipallaola 
gorge, one of the great gorges which cut into the eastern slope of the Andes, 
in which waters of the Bio Papallacta and the Rfo Quijos unite to form the* 
Bio Coca. They were first encountered at an elevation of S), 100 feet ; pro- 
ceeding eastward down the gorge they disappear at an ehnation of (1,100 
feet. They thus outcrop in a vertical range of 3,000 feet. The width of 
this belt in the Papallacta gorge is about fourteen miles. At the upper 
boundary in the vicinity of the village of Papallacta they vanish beneath 
late Tertiary lavas and tuffs and do not reappear anywhere in the thirty- 
three miles between this point and Quito, although during the tra\crse we 
ascended to o\er 13,000 feet above the sea and descended as low as 1,100 
feet. 

The nine samples collected in the abo\e named gorge are intensely meta- 
morphosed rocks. They arc all crystalline schists, folded, crumpled, and 
presenting all the aspects of rock that has been subjected to regional dy- 
namic metamorphism in conjunction with attack from a subjacent igneous 
source. They present an exceedingly complex history in\ol\ing an origin 
that in some cases was certainly igneous, in others probably sedimentary. 

Since there are some interesting features connected with the samples 
they are here described in detail. Furthermore, with the exception of the. 
three samples collected by Reiss and Stubel in August 181 l, 4 no deseript ion 
has been published of these Papallacta Valley schists. 

Specimen No . 1 was collected from a massive outcrop k 3.5 miles east of 
the hamlet of Papallacta, on the left hank of the river along the trail at 
an elevation of 9,40*1 feet. 

Jt is a light gray rock with variable texture, carrying much glistening 
scaly serieite; it is very streaked and heterogeneous in make-up, coarse, 
foliated and strongly sheared, with the general aspect of a schist. 

Pctrographically the rock proves to have been initially igneous in 
origin: either a granite or granodiorite. The original character is con- 
siderably obscured by shearing and by reason of the changes brought 
about through the modification of the former components by the attack 

4 The collection of Reiss and Stubcl consists of a “pliyllite gneiss” from the church 
at the village of Papallacta, boulders of phyllite uhoIhh in the Rto PnjmllactH at the 
mouth of the Yurac-yacu and a “muscovite mica schist” carrying abundant curbonaceouH 
matter from the Papallacta valley between the linmlet of Papallacta and the mouth of 
Yurac-yacu. 
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of igneous matters. There is, therefore, an antecedent structure within 
the rock, inherited from a former condition, and in addition secondary 
structures imposed upon it as well. The original minerals consisted 
largely of hypidiomorphic plagioclase feldspars, biotite, and perhaps 
quarts!, although it is uncertain how much of the quartz was present 
initially aw primary ortliotectic quartz and how much invaded the rock 
during the later metamorphic stage. 

The plagioclase is fractured and micro faulted; the older plagioelase is 
almost wholly, if not entirely, replaced and modified so that only the 
“ghosts” of it remain. The modification products consist of little prisms 
of zoisito, grains of epidote, shreds of serieite, little grains of garnet, some 
of them quite idiomorphie, and turbid patches composed of a very minutely 
granular aggregates of the same set of products just mentioned, that cor- 
respond to saussurite. All of these products are confined within the limits 
of what was the original plagioclase; they are now included in new 
crystals of albite that extend beyond the limits of the older plagioclase 
and which have largely replaced the older feldspar. Lu places the albitized 
plagioclase has taken on a ‘"pseudo-port lntic v structure due to deforma- 
tion, subsequent to the period of replacement, that ruptured and dis- 
placed the albite twinning so that the feldspar, at first glance, resembles 
mieroperthife. Only the merest traces of the structure and tlie substance 
of the earlier plagioclase are preserved, but the forms of tlie older plagio- 
elaso are in places emphasized by the groups of alteration products just 
referred to. 

The biotitc seldom retains any semblance of its original form; it is 
commonly squeezed out into streaks composed of fine shreds and minute 
flakes of colorless mica mixed with yellowish-white opaque specks of 
loueovene, specks of iron-oxide and grains of quartz. There are a few 
remnants that still retain some suggestion of their original shapes, but 
even these art* bent and distorted, and all of them are altered in the 
manner described. 

'Fhe later albite is filled with both crystal and bubble and liquid inclu- 
sions, roughly oriented, and commonly intersecting tlie cleavage direc- 
tions at an oblique angle. 

Quartz, albite and a little muscovite wore introduced into the rock 
<luring the later stages of its metamorphism, transecting fractured feld- 
spars and distributed in streaks and patches. Even the later quartz and 
albite that were introduced and whoso feldspar lias in part replaced the 
older feldspar of the rock, have been deformed by fracturing and granula- 
tion, so that at least two stages of deformation are recorded; one was 
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connected with the period of “soaking*’ by granitic juices that effected re- 
placement of earlier feldspars and the “granitization* ol the rock ; the 
other, and later, post-giamtwation period of deformation granulated and 
fractured both the gramtized rock and the replacement mat tor. In addi- 



Fro 1 —PapaUcii ta No 1 — OrthosehiHt of complex origin Dm wing, oidlnniv light, 
showing idles of older feldspar m later albite The oldei Jcldspur umHhdH of uggfp 
gates of zotsite-epldote-aei iclte, garnet gntins, and mmuleh ginuulnr aggregates of 
the same set of products Colotless aioas «r<* <pmit/ with Inclusion tiains » 111 

tion, there is evidence that the introduction of quartz continued subse- 
quent to the later deformation, since in both No. 1 and No. 2a there are 
areas of quartz and associated calcite m granular mosaic aggregates that 
exhibit no signs of deformation at all. 

Specimen No. 2a, taken 6.7 miles east of Papallacta at an elevation of 
8,571 feet, is similar to No. 1 in character, structure and history. This is 
a light colored, streaked and schistose, coarse textured rock. The pi agio- 
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tlase ib tiactuied and crowded with 1 11111111101 able inclusions consisting 
la r gel} ot coarse soncito, with less epidotc and /oibite, garnet grains, 
granular titamte and chlorite. The same set of products mixed with 
granulai quartz, albite and a little pynhotite, are distributed along frac- 
ture /ones as well. Theie is consideiably more calcite associated with the 
mtiodiued quart? and feldspar than in Specimen No. 1 , but the two speci- 
mens are very much alike m othei respects. 



Kk» i! VapitlUuUi \« / CholomU’iogrupH of the mum srliiHt shown in Pignre 1, 
yucoIh momwmI Noto tlio win* HtriuturcH of oldor feldspar m ini or dibit's and iho 
jnanuliu <»1 /oNlU* opulofo mm l< i<<* in tli<‘ fronli iilbite yili. 


Despite* the fact that these two specimens wc*r<* secured from exposures 
four miles apart and differing in elevation eight hand red feet, they are 
essentially alike m composition, and the sequence of events recorded in 
them is the same. 

Home of the features described are shown in Figure 1 , which is a draw- 
ing from a thin section of Specimen No. 1 , and in Figure 2 , a photo- 
micrograph of Specimen No. 1 , taken with nicols crossed. The drawing, 
which represents the appearance of the section in ordinary light, shows 
the older plagioolase crowded with very fine, dense aggregates of epidote- 
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zoisite, mixed with larger grains and prisms of the same minerals, in an 
albite matrix that extends in clear areas beyond the original margins of 
the older plagioclase. 

The photomicrograph (Fig. 2), iaken at a lower magnification than the 
drawing (Fig. 1) ? illustrates the same set of conditions. Although there 
is little suggestion of schistosity in either the drawing or in the photo- 
micrograph, the rock itself is not only coarsely foliated but exhibits in- 
jection effects as well. It is clearly an orthoschist, hut it has an added 
complexity due to soaking, injection and resultant modification and re- 
placement brought about either by an attack of the end-stage concentra- 
tion-residua of the same magma that gave birth to the granodiorite or 
to an attack by a later magma. 

TABLE OF ANALYSES 



1 

2 

3 

4 

5 

6 

7 

8 

9 

Silica 

SiOi 

67 54 

67 18 

59 47 

66 10 

65 30 

60 42 

00 50 

50 70 

03 40 

Alumina 

AIjOj 

15 26 

15 45 

16 52 

15 32 

18 02 

16 32 

18 20 

10 20 

10 57 

Feme Oxide 

FeiOi 

1 29 

1 75 

2 63 

1 97 

1 17 

1 93 

4 52 

4 10 

1 90 

Ferrous Oxide 

FeO 

2 82 

2 27 

4 11 

2 90 

4 71 

2 62 

0 86 

3 30 

1 90 

Magnesia 

MgO 

2 85 

1 55 

3 75 

1 77 

2 87 

3 82 

2 87 

4 08 

2 14 

Lime 

CaO 

2 16 

3 57 

6 24 

3 81 

0 98 

5 06 

2 39 

5 82 

3 83 

Soda 

NajO 

4 94 

3 63 

2 98 

3 48 

1 12 

4 41 

4 63 

3 93 

4 77 

Potassa 

KaO 

0 92 

2 79 

1 93 

2 74 

2 47 

0 65 

1 00 

2 31) 

3 48 

Water 110° 

HaO- 

0 04 


1 39 

1 06 

0 oo 

0 01 

0 59 



Water over 110° 

HaO + 

0 81~ 




1 93 

0 90 

1 96 



Titanium Oxide 

~TiOa 

0 68 

0 50 

0 64 

0 53 

0 50 

0 58 

0 74 

0 00 

0 48 

Phos Pentoxide 

PaO* 

0 10 

0 23 

0 26 

0 27 

0 10 

0 10 

0 10 

0 25 

0 21 

Manganous oxide 

MnO~ 

0 28 

0 21 

0 08 

0 04 

0 39 

0 47 

0 SO 

0 12 

0 07 

Sulphur tn-oxide 1 

~so7 

0 07 




0 03 

0 09 

0 09 



Carbon dioxide 

COi 

0 01 




0 29 

1 72 

0 03 









Iron 
(as Fe) 

H (as 8) 

0 37 

0 21 




TOTAL . . 


99 80 



J 

<H> 8S 

(HI 6S 

100 18 




1. Sample No 1 Papallacta. Analysis by Ledoux & Co , Now York 

2. Average of 10 analyse?? of granodiont es 

3 Average of 20 analyses of quarts diontes Daly, R A , Igneous Rocks and Their Origin, 101 1, 

p. 26 

4. Average of 37 analyses of tonalite, quarts monaomte, granodiorite Daly, R A , Idi ro, p 25. 

5. Sample No 6, Papallacta Analysis by Ledoux & Co , New York 

6. Sample No 6, Papallacta Analysis by Ledoux & Co , New York Note This sample contains 

pyrite and traces of galena 

7. Sample No 6, Rfo Coca Analysis by Ledoux & Co , New York 

8 Average of 12 analyses of andesites Bui 419, TT 8 G H , 1910 

9. Average of 6 analyses of dionte porphyry Bui. 410, IT 8 G 8 , 1910 
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('oniment on Analysis: An analysis of the rock, compared with aver- 
aged unalysos of 10 granodiorites, 20 quartz diorites, and a combined aver- 
age of 37 analyses of tonalite, quartz nionzonife and granodiorite, shows 
marked dilferences in the proportions of certain of the constituents, more 
especially when the analysis of Papallacta No. 1 is compared with the 
morale for granodiorite. 

r rhe a\cruge granodiorites (Nos. 2 and *4, table of'analysos) carry three 
times as much potash as sample No. 1 from the Papallacta trail, but only 
two-thirds as much soda. The lime i^ higher in the average granodiorites, 
but the magnesia is considerably lower. The percentages of silica and 
alumina, however, in the averaged analyses of granodiorites, are nearly 
equal to the silica and alumina in sample No. 1, Papallacta. The analysis 
of the Papallacta rock is not at all comparable with the average of 
twenty analyses of quartz diorites, which is included here merely for 
the purpose of Extending the range of comparison. These differences 
in the composition of the Papallacta rock, compared with the composi- 
tion of average granodiorite, may be due in part to the entrance of 
igneous emanations from a subjacent source, and the replacement of 
feldspar, originally richer in potash, by soda-rich emanations. While 
the rock, judging merely from the thin section, is a sheared and modified 
granodiorite, it is probable that this particular specimen happened to 
contain more of the granodiorite material than of the older schist in- 
vaded by the granodiorite, so that there are but traces of the older schist 
in this sample. 

tipccirnm No . 1-a, £.5 miles east of Papallacta, elevation 9,40 1 feet, is 
a moderately tine textured quarh-sericile schist of uncertain initial origin. 
Although the sample was secured in the same place as No. 1, there is but 
little resemblance between them except in the matter of certain minerals 
Llmt are common to both. The rock consists of quartz, priBtns of zoisitc 
and epidoto, streaks and plates of chlorite and muscovite, a little blue- 
green amphibole, clear nntwinnod feldspar of lower index than balsam 
(< l.r>;jf> -t-) and with extinction angles measured from cleavages that 
range from 1 0° to 30°, a most unusual feature; granular titanito, crystals 
of zircon and a little pyrrhotitc, all oriented in the plane of schistosity 
of the rock. The streaks and plates of muscovite and chlorite, the little 
prisms of epidoto, zoisitc and blue-green amphibole and some of the 
quartz that is elongated in the plane of schistosity, are responsible for 
the schistose structure. But i hero are streaks of quartz and feldspar 
that are quite granular and mosaic-like and which impart no schistosity 
to the rock at all. Those have the character of injected matter derived 
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from an igneous source; tliai is, those streaks are judged to he lil-par-lif 
injections of a sort. 

There is no direct evidence bearing on the initial eondiiion of the rock; 
it is impossible to determine whether it represents an intensely meta- 
morphosed sediment or whether it is a strongly sheared and highly meta- 
morphosed portion of the granodiorite, although it seems more probable 
that this sample represents the older schist, of sedimentary origin, rather 




. K'V'< 
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Km. ,t Papa /facta Ta.- Quartz wrlcitc Hchint Photomicrograph, ordinary light, 
allowing sclilhtohHy. The band in the upper lialf of the picture in n granular inoHnio of 
aggregate quartz with undeformed grains. Tin* targe darker gray patelicH are chlorite, 
the Hiunll graina and priHinn are eptdote and a Unite, the lighter e do red follH and necdlet! 
are sorieite. X-*i. 

than an intensely sheared phase of a massive rock like Iho gnmodiorite. 
Whatever the original condition, tho rock has not only been converted into 
a crystalline schist, but it has also been affected by injections of matter 
under igneous control, a circumstance favoring the conclusion that this 
specimen represents some of the older schist of probable initial sedimen- 
tary origin. 

The character of this rock is shown in Fignre 3, which illustrates some 
of the conditions described and which presents a striking contrast, to 
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Specimen No. 1, Figures 1 and 2, although both samples eame from the 
same locality. 

specimen No . J, 7.5 miles east of Papallacta, elevation 8,330 feet, is 
a coarse te\tured, brown, iron-stained, chalky-spotted, sheared rock re- 
sembling a sheared and weathered granite or granodiorite. It has been 
subjected to crushing of considerable intensity, so that the rock is more 
or less mylonitized, and much limonitic matter lias developed, together 
with a white, opaque substance distributed in streaks that cut all the 
other minerals in the rock. There are uncrushed patches and streaks of 
coarsely granular, interlocking mosaic-aggregates of quartz, areas com- 
posed of very line, brilliantly polarizing, flaky aggregates of colorless mica, 
and coarser muscovite, in aggregate groups, that is associated with alkali 
feldspar ami that carries innumerable inclusions oriented transverse to 
the cleavage of the mica ; under high magnification these prove to be long 
and narrow cavities filled with liquid and bubbles. 

There is o\idenee indicating two stages of deformation; the earlier was 
the more intense. It is judged that during this stage the rock was 
crushed and granulated. The other and later period was productive of 
fractures that cut all of the other structures in the rook. Surface 
agencies lnne attacked the rock along these later weaknesses with the 
production of limonitic matters. 

While the initial character of the rock is very obscure, it is probably an 
extonshely sheared phase of the granodiorite. 

Specimen No . J f , 9 miles east of Papallacta, elevation 8,114 feet, is 
strongly schistose, folded and (‘rumpled, black and white laminated, and 
very micaceous. It has all the aspects of a soaked, injected, silvery mica 
schist. 

In thin section it exhibits an extremely striking helicitic structure, by 
reason of flu* replacement of the body of the schist with granular quartz 
and an optically positive feldspar that is occasionally twinned after the 
Carlsbad law, whose indices of refraction are lower than the index of the 
balsam, and with extinction angles as high as 25° measured from well 
developed cleavage; a feature similar to that mentioned as occurring in 
Specimen No. In. 

The crystals of feldspar are allot riomorphic to liypidiomorphic, very 
rarely exhibiting albite twinning. They are metapoikilitic, carrying manv 
inclusions consisting of minute blebs of quartz, many small prisms of 
zoisito, grains of zircon, little tourmaline crystals, epidote grains, titanite 
grains, prisms of apatite, and considerable fine, black and possibly car- 
bonaceous or graphitic matter, all distributed in a crumpled, schistose 
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structure flint pannes indifferently through the #>ra inn. and tin* boundaries 
of the grains of the replacing quartz and feldspar, as well as through 
crystals of muscovite that is associated with the quartz and feldspar. 
These “ghosts’’ of sehistosity serve to emphasize the relic structure m the 
schist. 

There are also bands of clear aggregate quartz, likewise mixed with 
feldspar and with a very faintly green, beautifully twinned clinoehlore. 

The specimen shows more or less clearly: 



Ki<s. -Papallat ta So. f. Uclicitu* mica schist. Drawing, ordinary light, allowing 
helicitio structure. The relic schist Htrueture, now preserved In the form of enrhona 
coons dots and strcakH, passes through the later replacing quarts and feldspar, which 
of Itself is not schistose at all. X-4.2. 

(a) The development of a schist from an unknown, but probably 
sedimentary, original, by metamorphie processes of considerable intensity. 
The schist may have been initially a phyllite derived from a sediment, 
somewhat crumpled, and perhaps somewhat graphitic. 
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(6) Soaking, injection and actual replacement by end-stage con- 
centration residua from a granitic or granodioritio source; much of the 
quartz and all of the feldspar belong to this stage* and it is probable that 
the clinochlore and muscovite are products formed by the action of the 
emanation-residua on the matter composing the original schist. 

This very striking rock, with its beautiful helicitic structure and 
clearly indicated history of the replacement of an original phyllite by 
emanations from a magmatic source, is illustrated by Figure !, drawing 



Km,. & Pui>uUa< la \o. Photomicrograph of the same hchiHt shown In Figure 4, 
iiIcoIh croMMMl, Nolo the granular aggregates of un deformed quarts! and allnte, replacing 
the Hiilmtance of (lu* rock, and containing ghost structures of the original pliylllte. X24, 


made in ordinary light, showing the relic structure of the schist passing 
indifferently through the replacement-mosaic of quartz and feldspar; and 
by Figure 5, a photomicrograph taken at a lower magnification than that 
represented by the drawing, showing the aspect of the section between 
crossed nicols, 

Specimen No. ft, 10.1 miles east of Papallacta, elevation 7,579 feet, is 
a fine textured, silvery gray, muscovitic schist, composed of quartz 
elongated in the plane of schistosity, long sinuous streaks of muscovite 
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that at times endorse microscopic augen composed of compound grains of 
quartz; and prisms, bundles, groups and rosettes of a colorless variety 
of ehloritoid corresponding to sismondite. The rosettes are formed of 
prismoids radiating from (‘(‘liters that consist of unit and compound 
quartz grains tilled with minute included grains of sismondite. The 



Ifio. 0. Pupallacta AV>, ttlnmondlto whist. Drawing, ordinary Ui;ht, hIiowuik 
rosotlOH, grains ami prlsimudH of ott relit p (HlHinondlto). Tin* coIorlosH porllotin nre 
qiuirtK. SeHlatohUy duo to urruitKpnwnls of tdsniondltp also whown. « V>\ 

prisms exhibit polysynthetic twinning, a common characteristic of oil re- 
lite; the lack of both color and plcoehroism suggests, however, tlini the 
crystals carry more magnesia and much less iron than ordinary ottrclitc. 
The analysis of the rock supports this statement; most of the magnesia 
reported in the analysis is probably contained in the sismondite, since the 
only other essential components in the. rock are muscovite and quarts;. 
There are minutely microscopic crystals of rutile sparsely disseminated 
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in the rock, many exhibiting geniculate twinning on a microscopic scale. 
Provided the greater part of the magnesia is contained in the sismondite, 
the rock should carry almost 15% of that component. This corresponds 
approximately with the mineral composition exhibited by the section. 

Comment on Analysis: The alumina (18.03%) is higher in propor- 
tion to the silica ((>5.30%) than is normal for a rock carrying the amount 
of combined alkalies (K a O -f- Nu 2 0 = 3J>9%) that this one does, and 



Ftu. 7. VniHilUwta No. ii, Photomicrograph of the same Hcliisl shown in Figure 0, 
ordinary light. Hough, high relief prisms and grains ar<» Hhunoudite. The lower relief 
strenkw are muscovite, the plain, smooth amis arc quartz xait. 


the lime (0.08%) is relatively low (see Table of Analysis), assuming the 
schist to have boon derived from an igneous rock. The potash and soda 
are probably contained for the most part in the muscovite, although 
some of the soda may be in the sismondite. The iron is probably dis- 
tributed in large part in both the muscovite and sismondite. 

Prom the chemical composition and mineralogical make-up of the 
rock, it is judged that this quartz-inusoovite-sismondito schist was de- 
rived hy intense dynamic metamorphism from a former sediment, rather 
than from an igneous rook. 
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The character of the rock is illustrated by Figure G, drawn from the 
thin section in ordinary light, and by Figure 7, a photomicrograph taken 
in ordinary light. Some of the prismoids and rosettes of sismondile, the 
muscovite and quartz, and the general schistose habit of the rock, are 
shown. 

Specimen# Nos. 5a, (>, and (Ui are much alike. No. 5a was secured in 
the same locality as the sismondite schist No. 5, just described, 10 miles 
east of Papallacta. Nos. (> and Ga came from a locality 10.1 miles east of 
Papallacta, at an elevation of 7,50 1 feet. 

All of these rocks are intensely sheared and thoroughly metamorphosed 
porphyries that were probably initially dioritic in composition. In No. 
5a the original phenoerysts of plagiodase feldspars now consist of finely 
granular aggregates of zoisite, epidote and albite, a little calcite and 
occasionally a little quartz and chlorite. Much finely granular epidote 
is also distributed through the groundmass, which 1ms been entirely re- 
crystallized into a crudely oriented, interlocking, crystalline aggregate of 
granular quartz, albite, garnet grains, calcite, and shreds, streaks, patches 
and corroded crystals of biotite. Many of the albitized phenoerysts show 
partial replacement by epidote and zoisite and more or less granulation 
along their margins; in a few instances they have been subjected to 
much more extensive granulation. These rocks are intensely sheared, 
epidotized, albitized (saussuritized), modified and reorganized metadior- 
ite porphyries. 

The groundmass of Samples No. G and Ga is a recrystallization and 
modification complex of quartz, albite, epidote, calcite, muscovite, elinoch- 
lore, and a little pyrite and pyrrhotite. 

The saussurite pseudomorphs after the plagiodase phenoerysts act as 
augen of a sort, since the ground mass minerals swing around them in 
lines of dynamic flowage. In Nos. (> and Ga the same set of conditions 
prevails but most of the original feldspar phenoerysts art* albitized and 
not so thoroughly saussuritized as those in Specimen No. f>a. Others 
have been partly, and some wholly, eonvertocl into coarsely crystalline 
aggregates of epidote. Corroded brown hornblende crystals arc sparingly 
distributed in the groundmass, as well as ragged patches and streaks of 
dinochlore. 

Some of the features mentioned arc shown in Figure 8, n photomicro- 
graph of Sample No. 5a, taken in ordinary light. The black patches are 
minutely granular saussuritic aggregates pseudo morphous after original 
plagiodase phenoerysts. The completely recrystallizcd and modified 
groundmass consists largely of quartz, albite, and biotite. The innumor- 
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able minute (lots in the quartz and albite of the groundmass are bubble 
and liquid inclusions. 

Comment on A n lay six: An analysis of Sample No. (> is given in the 
table of analyses, and for comparison the average of six analyses of diorite 
porphyry is likewise included. 

The silica in Papallacta No. (> is lower than the average of the diorite 
porphyries, but all the other constituents with the exception of potash 



Kkj. 8. PuimlUu'in .Vo. 5a, Sheared and modified metadiorltc porphyry. Photo- 
micrograph, ordinary lifclit. The black eryntnls arc psoudomorphh of finely granular 
aaoHHurltc <e\tmnely finely granular aggregaton of » dHito-opidoto-alblto) after feldspar 
phonoer^HtH The groundmass in composed of granular (pmrtz and feldspar ami little 
biotiie crystals which are tilled with mi mite Imhble lnelUHioUH. XHJ. 


and manganous oxide are in reasonable agreement, although both mag- 
nesia and lime are higher in the Papallacta rook. There is less than one- 
fifth as imieh potash and almost seven times as much manganous oxide, 
in Papallaeta No, (> as shown by the averaged analyses of diorite por- 
phyry. Among the superior analyses of igneous rocks listed by AVash- 
ington (d), in only (wo of twenty-three analyses of diorite porphyry cited 
is the potash less than one per cent., and in hut one analysis is less than 
three per cent, of soda reported. 
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The average potash content of the twenty-three analyses is 2.52%, the 
average soda content *4.14%, figures comparable with the averaged alkali 
content of the six diorite porphyries listed in the table of analyses. 

Excepting the low potash content, the composition of Sample No. 0 
Papallaeta is comparable with the compositions of diorite porphyries 
the world over, so that the shearing and melamorphism of the rock may 
have resulted in the development of schistosity and in recryslallizntum 
of the primary substances without the addition of any other constituent 
and without the subtraction of any material from the rock, unless some 
of the potash originally present was eliminated during metamorphism, 
and a little soda, and perhaps water, added. 

Sample No. 7, 12.5 miles east of Papallaeta, elevation (W3 feci, is 
quite different from the preceding specimens. It is a fine, schistose, 
indurated green rock. The color of the rock is due to abundant, emerald 
green, strongly pleochroic plates of lamellar elinoehlore, oriented in the 
plane of schistosity. Both epidote and zoisito in grains, prisms and 
aggregate masses are likewise abundant, and the rock contains much 
granular quartz and alkali feldspar, some in the form of albitc, some 
as allotriomorphic, untwiimed grains. Quartz, feldspar, elinoehlore, epi- 
dote and zoisitc make up nearly the whole of the rock. There is a little 
colorless mica occasionally intergrown with the elinoehlore, and there 
^ire bands of mosaic quartz, parallel to the schistose structure of the rock, 
that have the aspect of later, or injection, quartz. The initial character 
of the rock is very obscure, but the composition of it, as observed in thin 
section, suggests derivation from an igneous rock of medium basic char- 
acter, perhaps somewhat similar to the sheared, albiiizcd and metamor- 
phosed diorite porphyries Nos. 5a, <> and (>a, although tin* large amount 
of chlorite and epidote, and the lack of remnants of former phenocr\sts, 
as well as the finer texture, suggest derivation from an igneous rock such 
as andesite or basalt. Tt is essentially a greenstone schist in its present 
condition. 

Specimen No. 8, 1 1.1 miles east of Papallaeta, elevation (>,(>00 feel, is 
a moderately fine textured, greenish-gray, strongly biotitie schistose rock. 
The schistose structure is caused by shearing and recrystallization. The 
biotite, but crudely oriented, is distributed in long streaks and in ragged 
scales, flakes and patches. It is light brownisli-groen in the position of 
maximum absorption, and almost colorless in the position of least absorp- 
tion. Many of the biotite flakes carry included grains of epidote and an 
occasional one exhibits deep brown pleochroic haloes around minute in- 
cluded crystals of some sort, perhaps microscopic zircon crystals. There 
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is a little pale green elinoehlore with characteristic polysynthetic twin- 
ning, and much almost-colorless (‘pidote and associated zoisite, in swarms 
of grains, in larger prismatic crystals and in groups ot grains. These 
are very prominent minerals in the rock. There is also considerable 
mosaic-like quartz and a pseudoperthite similar to that mentioned as 
present m Specimen No. 1, consisting of former plagioelaso that was 
albitized and sufficiently deformed during subsequent shearing of the 
rock to have developed interrupted and offset albite twinning that re- 
sembles at first glance a microperthitie structure. Very nmch less 
prominent accessory minerals arc muscovite, random small crystals of 
garnet, granular titanite, and a little pyritc in sharply euhedral and 
undeformed crystals. 

Some of the quartz is distributed in mosaic-like grains that exhibit no 
crush-structures whatever, acting as hosts for assemblages of epidote- 
zoisiie grains; hut ihere are other places in the section where both quartz 
and feldspar have been granulated. While the original character of the 
rock is obscure, flu* composition and mineral assemblage suggest that it 
may have been derived from the same granodiorite that was the source 
of Specimen No. 1. li i,s a biotitic schist of uncertain origin. 

Specimen No . .9, 16 miles east of Tapallacta, elevation 6,375 feet, is 
a fine, streaked, silvery gray schistose rock. Local areas within the sec- 
tion are schistose, but there is no constancy of orientation of the grains. 
There are, however, shear structures of later origin that cut all the other 
structures in the rook, and along these weaknesses a little muscovite, 
prisms of zoisite, cpidoto, and considerable carbonate, pyrite and pyrrho- 
tite are distributed. Idle sulphides must have boon introduced, how- 
ever, subsequent to ihe periods of deformation, since they cut and in part 
replace other minerals in the rock; they are distributed interstitially 
in irregular stringers, they cui through quartz, feldspar and carbonate 
indifferently, and they transect prisms of zoisite 1 and epidote and fill the 
transverse fractures in them. The same* situation prevails, in part at 
least, with respect to the magnetite. The ealcite also encroaches on other 
mineral grains, although the sulphides, as previously stated, are dis- 
tinctly later than it, according to the structural relations between the 
two minerals. 

Quartz ami albite are prominent minerals in the rock, both full of 
minute inclusions in the form of opaque (magnetite?) and transparent 
grains, and short, stout, but extremely minute crystals and long trans- 
parent “needles.” The feldspar is albite, nearly all of which has suffered 
deformation ; much of it exhibits interrupted and off-set twinning and 
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carries swarms and trains of liquid and bubble inclusions in addition to 
those already enumerated. Most of the “needles” resemble long, thin 
cavities rather than crystals. They are interrupted by cross fractures, 
they are irregular in width, they are teminated by rounded ends and many 
of them contain minute inclusions themselves which may, perhaps, be 
excessively small bubbles. The rock is probably a sheared portion of 
the granodiorite. 

B. Igneous Rooks 

A. PKE-ALBIAN VO LOAN ICS 

In three localities in eastern Ecuador, on the Rio (’oca, the Rio Misa- 
hualli and the Rio Jandache, the sedimentary rocks which are only 
slightly inclined, are underlain by greatly altered voleanics, most of 
them modified tulfs. The remarkable similarity of these igneous rocks 
from widely separated localities, and their similar relation to the same 
sediments, lead us to believe that these igneous rocks are of the same age. 

Fossiliferous limestones of Albian (Middle Cretaceous) age are sepa- 
rated from contact with these igneous rocks by only a few feet of sedi- 
ments; in one place they are sandstones, in another, similar limestones. 
It is possible that among these beds beneath the Albian marine limestones 
are representatives of all or some of the Ordovician, Devonian, Carboni- 
ferous, Jurassic and Lower Cretaceous sediments that are found in Peru 
only a few miles to the south. 

It is certain that these igneous rocks are of Prc- Albian age. It is 
probable that they are very much older, because they seem to be surface 
accumulations of lava and tuffs and not intruded igneous rocks, and 
were therefore deposited on a land surface which had to lie depressed 
to permit the invasion of the sea and the accumulation of the Cretaceous 
marine deposits. 

The thickness of these igneous rocks is unknown; we have not seen 
their base exposed. In each of the three localities where wo studied them 
there was about 100 feet of them beneath the lowest bedH of the sedi- 
ments. 

In the adjacent high Andes there aro igneous rocks of similar com- 
position and alteration which probably belong to the same formation. 
Below we shall discuss the probability that the felsites, andesites, por- 
phyries, granophyres and gabbros of the Rio Pastaza, Rio Papallacta and 
the Guacamayos mountains belong to the same series. 
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Rio Coca Veriest 

The twelve samples from the Bio (’oea were collected from massive 
rocks outcropping in the banks of the river at points from 56 to 61 m iles 
above the mouth of the river and representing a surface from 1,864 to 
2,050 feet above the sea. In the ascent of the ltio Coca from its mouth 
for 56 miles the rocks are all sedimentary. They descend progressively 
to rocks of older age because of a gentle eastward inclination of the strata. 
At a point 56 miles from the mouth of the river the base of the sediments 
is underlaid by igneous rocks, and as far upstream as we were able to 
continue, to a point about 61 miles from the mouth, these igneous rocks 
form the bed of the river which here occupies a deep gorge walled with 
cliffs of sedimentary rocks. 

Since the base of the igneous rocks is not visible we do not know how 
thick they are or whether other sedimentary rocks underlie them or not. 

The lowest of the igneous rocks, represented by samples 1-L and L-a, 
at elevation ±2,100 feet above the sea and about 61 miles from the 
mouth of tire river, are volcanic fragmentals which occur as massive out- 
crops without any signs of stratification that wo could see. Stratigraphi- 
eally above these occur the rocks represented by sample No. 18, 60.5 miles 
above the mouth of the river, and by sample No. 2, secured at an eleva- 
tion of 2,008 feet, about 59 miles above the mouth of the river. 

A highly tutfaceous andesite (Specimen No. 6), from the lower falls 
of the Iiio Coca, about 58 miles from the mouth and at an elevation of 
about 2,000 feet, is found nearer the sediments. 

Above this horizon, and represented by samples l, l-a, 2, 3, 4 and 5, 
collected at an elevation of 1,936 feet, about 58 miles from the mouth of 
the river, are altered traeby-andesito or latite, latito tuff, an acid volcanic 
tuff, a spherulitie felsite, a volcanic tuff of about trachy-andesite make-up 
and a modified basalt. At this point the roeks are very massive, slightly 
stratified, and jointed. 

The rock immediately underlying the sediments (No. 17) is a basaltic 
andesite. 

.Since nothing has been known heretofore of the geology of the isolated 
region from which these samples come, brief petrographic descriptions 
of them may ho of some interest. 

Samples 1-L and L-a were taken farther up the canyon of the Bio Coca 
and from a stratigrapliically lower horizon than any of the other speci- 
mens of this series. They are very fine textured, strongly indurated, rocks 
and slightly weathered along joint surfaces. No. 1-L is gray and carries 
minute crystals of pyrite distributed along the joint planes. No. L-a is 
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dark and very fine textured, but neither of them reveals its true char- 
acter megaseopically, because of changes brought about by the intense 
hydrothermal attack to which they have been subjected. 

Both of these rocks are volcanic fragmcntals, but they differ somewhat 
in the nature of the fragments comprising them. No. l-L is composed 
of acid volcanic glass fragments, including pieces of glass that are pumi- 



Fia. 0 . — Rio Ooca iL . — Dovitrlflcd acid volcanic tuff. l'liotmnlcrogruph, ordinary 
light, showing clastic character. Note pcarlitlc gliiKH flagmen!*, and other gluNs.v l«vu 
fragments. The black streak cutting the rock 1 h an Interrupted velulet of pjrlle, «. III. 


ceous, obsidian fragments with characteristic flow structure, pieces of 
pearlitic glass, and pieces of vitrophyre and other rock fragments, os 
well as many broken and much modified fragments of alkali feldspar 
and acid plagiodase. Crystals of magnetite and apatite are associated 
with some of the lithic fragments and veinlots of perfectly fresh pyrite 
cut all the structures in the rock, transecting many of the magnetite 
grains. All of the lithic and mineral fragments are closely packed in a 
small amount of groundmass that consisted initially of acid glassy ash, 
now thoroughly devitrified. In addition to the devitrification product 
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of the finer glass particles, chlorite, hematite, dusty and granular mag- 
netite, quartz and leucoxene have developed as alteration effects. 

The rock has been fractured likewise, and quartz, albite and pyrite 
were introduced. It is a <Ie\ itrified, acid, \olcanic tuff. Figure 9 illus- 
trates the fragmental habit and the nature o£ the fragments. 

Sample No . L-ai was initially a fine acid ash, carrying small, broken 
and angular pieces of quartz and both alkali and acid plagioclase feldspar. 
The chief modification product is a quartzose and feldspathic devitrifica- 
tion aggregate, although a little leucoxene, chlorite and sericite have 
likewise been produced. The texture has been coarsened by devitrifica- 
tion and many wholly modified remnants (“ghosts”) of shards of vol- 
canic glass are distributed through the rock. It is a devitrified volcanic 
ash. 

Specimen No. IS, from the next strut igraphioally higher horizon and 
from a point <>0.5 miles from the mouth of the Rio Coca, elevation 2,050 
feet, is a strongly modified, indurated and slightly tuffaceous rock with 
trachytoid groundnuts, whose phenoorysls consist of both acid plagio- 
elase and alkali feldspar, some o£ which show partial sau&suritization; 
whereas in others, zoisite, epidote, sericite and albite occur in vseparate 
individual grains and patches. In this specimen, alvso, the general 
groundnuts is extremely patchy and different in aspect from place to 
place, yet aside from the obvious lithic fragments, which are much 
altered but readily recognizable as distinctly different lithic units, the 
various unlike areas in the groundmnss merge into one another by im- 
perceptible gradations. Thus, despite the patchy behavior, the rock ap- 
pears to be of definitely pyrogenic rather than pyroclastic origin. The 
rock carries larger crystals of magnetite and apatite than the other rocks 
of this series. Small crystals of pyroxene, but of phenoervstic dimen- 
sions, are completely altered to serpentine, and in rare instances to a 
mixture of quartz, epidote, zoisite and serpentine. The rock is inter- 
mediate between the trachytes and andesites. li is a porplivritic latite 
or trachy-andesite, modified and indurated. 

Sample No. Z, from (>() miles above the mouth of the Coca, elevation 
2,008 feel, represents a horizon nearer the sediments. It is a porphyritie 
rock with flow structure, initially of andesite make-up, but now com- 
pletely modified and strongly indurated. The original, moderately basic, 
plagioclase phenoorysls are composed of mixed aggregates oE coarse 
sericite, granular ealcito, quartz, albite ami epidote, all forming aggregate 
pseudomorphs after the original feldspar. Phenoerysls, of original horn- 
blende that initially was resorbed along the margins, have been altered 



26 


ANNALN KBW YORK ACADEMY OF M'ltiNOlM 


to a mixture of calcite, epidote in fan-like, radiate acsicular groups and 
a little 'quartz, all pseudomorphous alter the former hornblende. The 
structures of the former resorbed margins are preserved as pseudomorplis 
composed of an opaque-white subsianee; this may bo leucoxenc <leri\o<l 
from the alteration of possibly titaniferous granular magnetite that 
was formed during the resorption of the original hornblende. 

The small plagioelase laths in the groundmass are likewise faithfully 
reproduced as mixed aggregate pseudomorplis, similar to the much 
larger phenocrysts of feldspar. 

Patches of carbonate, containing perhaps a little iron and magnesia, 
in addition to lime, and small irregular areas of secondary aggregate- 
quartz, are scattered through the groundmass, products of the altera- 
tion of portions of it, and interstitial to the small groundmass feldspars. 
The rock contains also small irregular areas filled with elilorito and 
mosaic quartz, which suggest that leaching and filling were operative 
among the secondary processes which have affected the rock so profoundly. 
Most, if not all, of the primary substances have been destroyed. A few 
minute apatite crystals aud euhedral grains of possible primary mag- 
netite aie the only originals remaining.^ 

The rock consists now of coarse serieite, albite, quartz, calcite and other 
carbonate, epidote, zoisite, chlorite, leucoxene and a little hematite. 
The striking thing is the retention of the former structures in the rock 
notwithstanding the complete change of its substance, it is a meta- 
andesite. 

Specimen No. 6, from a massive outcrop at the lower falls of the Uio 
Coca, 58 miles from the mouth, elevation 2,000 feet, represents the next 
horizon of these igneous rocks nearer to the sediments. This rock is ho 
variable in texture from place to place that it is suggestive of n volcanic 
fragmental, but while there are a few distinct lithic fragments whose com- 
position is different from the main part of the rock, most of the mass is 
andesitic. The groundmass changes in quality gradually; in some places 
there is a distinct pilitic structure common to andesites; other places ex- 
hibit a fine granular structure, and still other portions of the rook are 
more coarsely pilitic with good flow structure. All of these apparently 
different units grade into one another so there are no distinctly outlined 
individual fragments with the exception of those previously mentioned. 
It is difficult to say whether the rock was initially a volcanic tuff of 
somewhat uniform andesitic make-up, whose separate fragments have 
been obscured through alteration, or whether it is an andesitic lava that 
is strongly xenolithic and whose caught-up fragments have not only been 
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sufficiently worked over to have lost their sharp outlines, but also still 
more obscured by alteration. The general aspect presented by the rock 
is that of a lava crowded with inclusions, some of which may be cognate 
inclusions, whereas others are distinct xenoliths of basaltic composition. 
Those latter contain beautiful aggregate pscudomorphs of granular 
(mosaic) quartz after both pyroxene and olivine mixed in some cases 
with a little serpentine, and very irregular patches representing former 
cavities made by leaching, now filled with matted, acicular, greenish ser- 
pentinous aggregates that are almost isotropic, surrounded with much 
more strongly anisotropic matter that is composed of a mass of minute, 
interlocking scales, very much like fine sericite or talc, the whole mar- 
gined with a very narrow strip containing fibers set perpendicular to the 
walla, resembling chrysotile in habit. Some of the patches carry felds- 
par phenocrysts which have been in part altered to quartz, sericite, zoisite- 
epidotc and albite, and occasional phenocrysts of feldspar contain chan- 
nels, formed perhaps by leaching, filled with the same fine serpentinous 
aggregate just described. 

More or less leucoxeno, granular titanitc, chlorite, magnetite and li- 
monitie matter are distributed through the rock in finely granular aggre- 
gates. The sample represents either a strongly indurated and modified, 
but remarkably uniform, andesitic tuff, or a highly tuffaceous andesite. 
It is probably the latter. 

Comment on Analysis: A comparison of the chemical analysis of this 
rock with the average analysis of twelve andesites shows that both silica 
and alumina are appreciably higher in Rio Coca No. 6, and both lime and 
magnesia are considerably lower. There is less than half the amount of 
lime in the Rio Coca sample than is shown in the average andesite, and 
approximately but three-fourths as much magnesia. While the potash 
and soda, lower and higher respectively in the Rio Coca sample, differ 
from the average andesite, they are nevertheless within the range of 
variation shown by the andesites themselves. The total iron eontent is 
higher in (he average andesite, and manganous oxide lower; the greater 
part of the iron in the Rio Coon sample is present in the higher state of 
oxidation, and the manganous oxide is rather high. Considering the 
altered condition of the rook, it corresponds fairly well with the com- 
position of andesites in general. 

The next higher horizon in these igneous rocks is represented by sam- 
ples Nos. 1, 1-a, 3, 1 and from a point 58 miles from the mouth, 

elevation 1,93(> feet. The outcrop is massive, possibly slightly stratified, 
jointed, and containing inclusions. They are all intensely altered, a con- 
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dition common to every one o f the Rio Coca samples. Nos. 1 and 1-a 
represent material a few feet higher stratigraphically than Nos. 2 and 3. 

Sample No. I is very slightly porphyritic, with a trachytoid fabric, 
the feldspars consisting of plagioclase laths distributed among crystals 
of alkali feldspar that are somewhat larger than the plaginclasc laths, 
but not of phenocrystic dimensions. All the feldspar is altered. Sparingly 
distributed granules of former pyroxene have been converted into a mixed 
modification-aggregate consisting of serpentine and chlorite. The rock 
is essentially an altered trachy-an desite, or latite. 

Specimen No. 1-a is much more obscure. It carries feldspar crystals 
that seem to be phenocrysts, hut the rock is either strongly tufluceous or 
else a real fragmental. The phenocrysts of feldspar are chiefly of the 
alkali type, although acid plagioclase is present among them. All of 
them are more or less sericitized, and occasionally granules of epidote 
appear as one of their modification products. Many of them exhibit a 
streaked and patchy appearance common to feldspar that has been par- 
tially albitized, and these feldspars are judged to have been modified by 
sericitization, albitization and, to a very slight degree, by epidol font ion. 

The groundmass of the rock is extremely variable, changing in tex- 
ture, structure and in composition from place to place. Some areas 
exhibit typical hyalopilitie structures characteristic of andesites; other 
places are finely felsitic, almost glassy, with minute feldspars and frag- 
ments of crystals distributed in them; and still other areas, felsitic or 
finely granular, carry feldspar phenocrysts themselves, suggesting frag- 
ments of a porphyritic volcanic of some sort. Yet, with a few excep- 
tions, these areas are not sharply outlined ; they have all been obscured 
throixgh alteration and they merge imperceptibly into one another. 

Coarsely crystalline epidote, mixed with zoisito and quarto, forms 
aggregate pseudomorphs after pyroxene, both single and grouped; the 
grouped pseudomorphs carry numerous included onhodral grains of 
magnetite. 

There are indistinctly outlined areas in the rock composed of epidote 
and zoisite, suggestive of possible basic lilhio fragments that have been 
completely destroyed by alteration; and non-pleochroic, light-green ser- 
pentine aggregates pseudomorphous after forms suggestive of horn- 
blende. 

The rock is judged to be a very much altered, strongly indurated, ob- 
scurely fragmental or strongly tufTaceous volcanic with the composition 
of trachy-andesite or latite; essentially it is an extensively alterod, tuffu- 
ceous and porphyritic latite. Figure 10 illustrates this rock. 
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Specimen No. 2 is lower strati graphically than No, 1, and pyroclastic 
in origin. It is composed of fragments o£ obsidian with flow struc- 
tures, pieces of pearlitic glass, and fragments of vitrophyre and kerato- 
phyre, all very much altered. Many broken crystals of both alkali feld- 
spar and plagioolase are contained in the rock, some partially, others 
almost completely, altered io mixed aggregates consisting of sericite, 
patches of albitc and granular epidote. (Considerable epidote and a little 
calcite occur all through the rock, and much mosaic quartz has developed 



Kio. 10. /(to Cowi So. (a. Tuffnwouti and porphyriUo lallte. Photomicrograph, 
ordinary light, showing tin* very obHCtircly fragmental habit, pnrphyritli! utriicturo and 
group* of partially alhltlKcd feldMpnr phonocryHtN. Tlio rook Is highly variable In 
t ox tun' and groundmaws habit from place to place and vory strongly luffneeons, but the 
fragmoiiH or vmollths aro ho muoli modlllod that thoy morgo Into ono another, and are 
only lfidlhtinrUy outlined. vat. 

through the silioifiealion of Homo of tlx 1 litliic fragments whose former 
poarlilie, pumimms and flow structures aro retained only as “ghost” or 
inherited structures. Minute fractures in the rock are filled with quartz, 
calcite and epidote. 

It is an indurated, intensely modified, moderately acid volcanic tuff, 
with the composition of a trachyte or latite. 

Specimen No. S, taken from the neighborhood of No. 2, is a fine. 
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thoroughly dexitrified, splierulitic felsite; probably a dovitrified spheru- 
litic glassy lava originally, fractured and healed with quartz, which not 
only tills the fractures but which also encroaches on the substance of 
the rock as well. The primary spherulitic structure exists now as a relic 
or “ghost” structure, since the rock lias been very extensively modified. 

Specimens Nos . 4 and 5 , taken from the same vicinity as Nos. 1, 1-a, 8, 
and 3, are different in initial make-up, although they have suffered in the 
same way as the others from intense hydrothermal attack. Sample No. 4 
is of pyroclastic origin, carrying many fragments of various sorts of 
igneous rock, ranging from acid pearlitic lavas to pieces of andesitic rock, 
and fragments of broken feldspars. All the fragments are much altered; 
chlorite, serpentine, epidote, quartz, magnetite and leueoxene are the 
dominant secondary substances, and the rock has also been silicitied to 
some degree through the introduction of quartz. 

The original clastic character of the rock has been considerably ob- 
scured by these changes; the same Hot of products has developed in the 
initially fine ground mass in which the lithic fragments are distributed, 
and rather extensive devitrification has likewise been brought about. It 
is essentially a much modified volcanic tuff of about trachy-andesito 
make-up. 

Sample No. 5, from the same vicinity as No. 4, is very different from 
No. 4 and from all the preceding samples of the llio Own series. It is 
very strongly porphyritic, the larger phenoevysts consisting of augite, 
much fractured within the crystals, which contain areas that arc some- 
what granular. The augite crystals have a habit of close grouping, so 
that aggregate or compound phcnocrysts composed of closely knit but 
differently oriented units result. 

The birefringence of the augite cIocr not exceed 0.030, tlu» pleochroism 
is imperceptible and Z A c is approximately 4B°. Home of the augite 
crystals are wholly altered, others only slightly altered; tin 4 alteration 
products are epidote, quartz, penninite and caleite. IVnninito, occa- 
sionally mixed with a little caleite and quartz, likewise occurs pseudomor- 
phous after olivine; the crystals (psoudomorphs) are smaller than the 
augite and frequently sharply idiomorphic. 

The plagioclase, both as phenoerysts and as small laths distributed in 
the groundmass, is labradorite. It has been more or less modified, how- 
ever, so that it consists in part of alteration aggregates composed of fine 
mixed serieite, epidote, carbonate, and zoisite. 

Interstitial basic glass forms part of the groundmass of the rock, but 
it appears opaque white in thin section, consisting now of one of the 



COLOW AVD NIS 7CLUR, ROCKti OF KAttTBP\ EC( ADOR 31 


kaolm minerals, probably anauxite. The general character of the rock is 
shown in Figure It; the black interstitial gronndxnass really opaque 
white by reflected light. The rook is a modified basalt. 

Specimen No . 17 . Immediately underlying the sediments occurs 
igneous rock presented by Sample No. 17, collected at a point 5(1.5 miles 
from the mouth of the JLtfo ('oca, at an elevation of 1,864. feet. The out- 
crop is massive and vein-streaked. This very line textured black rock 



Km. 11. lito Cota Vo. 5. Modi lied IhiHttlt. Photomicrograph, ordinary light, show- 
ing strongly modified fohlHpnrH, and aggregate pseudomorpliR of opidoto, quart*, calcite 
and pennlnite after augite (In the lower part of the picture). The black groundmass 
in whieh all the eryatalH are distributed 1 h basic glass, now partially altered to an 
opaque while produel Judges! to he anauxlte XiM. 

is slightly porphyritio, with a beaut fnl fluxion structure emphasized by 
microlites ot labradorito, which arc not greatly modified, set in a mesosta- 
sis of glasR. The phenocrysls consist of colorless pyroxene, resembling 
in optical am! structural characters that described as occurring in Sample 
No. 5 ; and mixed pseudomorphs of limonite, carbonate and chalcedony 
after olivine. 

As m Specimen No. 5, several units of pyroxene form closely knit 
groups, each individual of the group having a different orientation, mak- 
ing compound phenocrysts. In most cases several, sometimes each one, 





32 


anxmjN xrw york acadumy or rcinxvrr 


of these units have been partly altered to clear granular carbonate, prob- 
ably calcite, different in appearance and behavior from the carbonate 
that is contained within the destroyed olivine crystals and which is dis- 
tributed in patches all through the groundmass of the rock in the form 
of a very finely granular aggregate with a turbid aspect, quite unlike the 
large clear calcite grains in the pyroxene. A number of small fnn lures, 
filled with later mosaic-quartz and calcite, transect the rock, cutting 



Fio. 12 . — Kin Coca No. 1 7.- Banal tie andoHlto. Photomicrograph, ordinary light, 
showing tiny labrndorlto microlltCH In fluxion Htruoiuro, and olio of tho completely 
alteml olivine phonoeryntH. Those consist of mixed aggregates of ltmonlte, enrhoimto 
and chalcedony, pseudomor plums after the original olivine, viik 

through groundmass, carbonated patches in the groumlnmss, and pheno- 
crysts, indifferently. The specimen is on the border between andesites 
and basalts ; it is strongly feldspatlno and possesses the characteristic 
hyalopilitic fabric of andesite, but the forro-magnesian components are 
pyroxene and olivine and the feldspar is labradorite. It is essentially 
a basaltic andesite. Figure 12 illustrates this rock. 

Rio Misahmlli Series 

About sixty-two miles in an air-line southwest of the Rio Cloca vol- 
canics, and also underlying almost-horizontal sediments, some of them 
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oE proved Albian ago, there is another series of altered volcanies of un- 
known i liickncss ; their base is not exposed. These outcrop in the bottom 
of another deep canyon, that of Rio Misaluialli, at an elevation of about 
1,M>(> feet. 

About 100 feet of those rocks are exposed at the river surface. At 
this Ideality marine limestones of Albian age are separated from the under- 
lying \ alcaldes by about 100 feet of sandstone, which is absent on the 
Rio ('oca at the same horizon. We do not know whether any pro-Albian 
sedimentia are represented here or not. As in the Rio Coca series the 
underlying voleanies represent (lows and tuffs, now greatly altered, all o* 
whieh are certainly much older than the Albian. 

Ham pic No. ?A. The rock immediately underlying the sediments and 
corresponding in horizon to tin* Insalt ie andesite (Specimen No. 11) of 
the Rio <\>ca, is exposed in cliffs composed of massive grayish-pink to 
yellow Mi streaked rock. The sample, which was collected on October 
It, 111)21, was secured from a place about three miles he’ow the mouth 
of the Rio Hollim 

The specimen is somewhat obscurely fragmental and considerably 
altered. The most conspicuous fragments are those in which alteration 
has produced both hematite and linioniic; these stand out sharply from 
the more obscure fiagmenls in which alteration has taken other forms. 

The fragment 1 consist of andesite, whose interstitial groundmass is 
thoroughly altered and heavily charged with hematite, and whose felds- 
par microlilcs ire also modi lied ; altered pieces of vitrophyre, some charged 
with lu malite, others stained hj liman it io produets, ]iieces of much altered 
basaltic \itrnphyro, pieces of keraiophyro not so badly modified, pieces 
of dacite carrying phenocrysts of plagiodase and small corroded pheno- 
(♦rysls of quartz; broken crystals of orthoehw, slightly sericitized, large 
crystals of plagioclase of oligoclase-andesine composition, usually more 
or less fractured, slightly sericitized, stained with limonite and charged 
with hematite; thoroughly altered hiotite crystals and broken hornblende, 
almost completely converted to mixed hciuatitc-Iimonitc; and much 
secondary quartz in line grains and patches of fine mosaic-like aggregates. 
Crystals of modified fitanite and limonite pscudomorphs after pyrite arc 
sparingly distributed through the general groundmass. The rock as a 
whole is stained with limonite and contains streaks and patches of hema- 
tite, kaoliniiie matter and leucoxene. 

It is difficult to classify a mixed fragmental of this character; the aver- 
age composition of the roek is judged to he intermediate between the 
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rhyolites and dacites, and for all piactnal puipo-es ii nia\ lx* regarded 
as a very much modified dellciutic tuff. 

Figure 13 shows one of the more conspicuous fragments, that stands 
out prominently from (lie more obscure fragments surrounding it. 

Specimen# A and of/weie collected immediately underneath thcdcllcni- 
tic tuff (Sample ]*\) just described, two miles r.irther up the Misabualli 
mer, and about one mile below the mouth of the Uollm n\er. 



Fk.. 1 a Itto 1 hnuhuulh No. 7.1, I ><*ll<*nltl(’ tuff. Chotomlcrofgrnph, ordiuun IlKtot, 
showing oik* <n tin* more prominently onUinwl andoHltr (rnsuuniK nml other frnKinrntH 
very imn-li nioro ohwim*, owIiik to tin* i*\toiiHlvo it It ora f Ion. The hiim 11 uhlte patch on 
tho rittht of the I«i«e fragment is quints. > ttl. 

Sample A has a finely felsitie groundmass in which mierophonoorysts 
of feldspar are distributed. Orlhoelnso, microperlhite, and plngioelusc 
that has the composition of oligochwsdbite, an nearly as mild bo deter- 
mined, are till represented among the tiny feldspar crystals. They have 
all been more or less modified. hVrromagnesians are almost lacking in 
the rock; the few crystals consist of bleached biotite carrying little gran- 
ules of zoisite and patches of leucoxene. 

Very small xenolith^ arc sparingly scattered through the groundmass, 
which is somewhat variable in habit from place to place, but this feature' 
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is rather obscure owing to alteration and to the development of fme 
secondary quartz. 

The rock us undoubtedly tutfaceous, if not actually fragmental; it has 
the general composition of a trachyte, but it lacks the structure charac- 
teristic of true tiachyies. It is essentially an exceedingly line textured, 
altered and t liliaceous tracks tic felsophyre, or possibly a modified and 
strongly indurated trachytic ash. 



Ki<» 11 /(to UiHttlntttth \o. 1 lndunited, «lloro<l liiffamms tiaiUylic folsnphj ro 
Photomicrograph, nlcolit <tohh<mI, showing U10 strongly slllcillcd condition of Hit* rook 
Most of (ho small while spooks nro quart? of secondary origin. Tin* larger white palclioH 
aro foldnpnr, I ho black ragged patches 1110 holes In I ho section. X<N> 

The fme texture of the ruck, its altered condition, and the abundance 
of line secondary quartz, are shown in Figure 1 1. 

Hum pie (W is also finely felsitic, with a lew miaM completely kuoiinized 
mierophenocrysts of feldspar and an occasional bleached and completely 
modified biofite crystal distributed through the groundnmss, which is 
composed almost wholly of a micro-granular, interlocking aggregate of 
alkalic feldspar, minutely micrographic in places, very slightly sericitized, 
containing minute, scattered patches of carhonnie and a little secondary * 
quartz. 
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The rock is veined with calcite with which is associated a little pyrite 
and what appears to have been side rite that has been entirely altered to 
mixed red-black hematite and to carbonate. 

This sample is essentially the same as Sample A in general composi- 
tion, but the gromndmass is much more uniform both in structure and 
texture, and there is no suggestion of fragmental luibit at all. It is essen- 
tially a traehytic felsophyre. 
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Fiu. 15 . — Kfo MUahualll Vo, 69 . — Altered tracts tic Msophyrc. Cholomierogruph, 
uicols crushed, showing allured feldspar phonocryst and mluro^rnnular groumlmass of 
feldspar. XdO. 


Some of the features mentioned are illustrated in Figure 15, which 
shows the micrograuular character of the groundmass and one of tlu» 
kaolinized and slightly sericitized little feldspar crystals. 

Specimens 71, 71a, 71b and 7 2 represent the lowest formations, atrati- 
graphically, encountered on the Misahualli river. The samples wore 
taken from an outcrop along the river about two miles below the mouth 
of the Hollin river. The rocks here dip 10° west, upstream. In the 
field the weathered exposure strongly resembles a conglomerate, contain- 
ing rounded “pebbles” up to two or three inches in diameter. These 
“pebbles” however, proved to be amygdaloidal fillings in an originally 
extremely porous basalt. 




OOLONY AND SINCLAIR, DOCKS OF EASTERN ECUADOR 37 


Samples 11, 7 7 -a, 11-b are different specimens taken from the same 
formation. The rock is composed of small plagioelase laths and some- 
what larger crystals of the same substance, all very considerably modi- 
fied. The alteration is saussuritic in character, consisting of patches 
of sericite, chlorite and excessively finely microgranular zoisite distributed 
in new and more acid feldspar than that which originally composed the 
laths. 



Fiu. 10. IHo Mittaliuain No. 11. Altered basaltic amygdaloid. Photomicrograph, 
nicoln crossed, showing ovoid or lenticular nmygdule of aggregate quartz, quartz pseudo- 
morpluuiH after pyroxene, completely altered feldspar and dark altered glassy ground- 
ing hm. X21, 


Much larger crystals of phcnocrystic dimensions have been altered to 
mosaic-like aggregates of quartz, mixed with faintly green mica, the 
whole forming beautifully pseudomorphic aggregates after what is judged 
to have been originally pyroxene. Small olivine crystals, now consisting 
of an alteration complex of various forms of serpentine, mixed with car- 
bonate, are sparsely disseminated through the groundmass, which con- 
sists of brown basic glass, in which all of the altered crystals mentioned 
above are distributed. Some of the vesicles are filled with quartz in the 
form of both mosaic-like aggregates and feathery chalcedony, mixed, in 
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some oases, with carbonate and zeolites, and others are filled with car- 
bonate. Quartz and chalcedony form the major part of the fillings, so 
that the round and ovoid amygdules, being much more resistant to 
weathering than the rock itself, have weathered in relief, thus giving the 
rock the aspect of a conglomerate in the field. 

Little cubes of pyrite, some still unaltered, others partially and wholly 
converted to limonite, are associated with the mosaic-like quartz aggre- 
gates pseudomorphous after pyroxene previously mentioned, and vein- 
lets of mixed quartz-chalcedony traverse the rock, containing as part of 
the mixed vein-filling a black metallic mineral of some sort not deter- 
minable in thin section. Extremely irregular cavities, evidently pro- 
duced by leaching, arc also filled with the quartz-chalcedony aggregate 
similar to that which occupies the primary vesicles. The brown, basic, 
glassy groundmass is itself altered to a translucent product, white by 
reflected light, and presumably of kaolinitic nature, although the “glassy 
groundmass is still brownish in color* by transmitted light. 

The rock is an altered, glassy, basaltic amygdaloid, rather uncommonly 
vesicular originally, containing abundant amygdules of considerable size. 

Sample 12 (a-l and c) was seemed ill the same locilitv as Sample 11, 
and represents the same formation. It is similar to No. 11 in composi- 
tion, structure ancl alteration effects, but carbonate as a secondary prod- 
uct is much more prominent than in No. 71. Irregular leaching cavi- 
ties, now filled, are more numerous in this sample, but the rock is not 
much different otherwise. 

The plagioclase is greatly altered and original pyroxene and olivine are 
entirely destroyed; they are represented now by complex aggregate pseudo- 
morphs consisting of quartz, carbonate, serpentine and liimmitie prod- 
ucts, and the initially glassy groundmass is more or less kaolinized and 
stained with limonite. Figures 16 and 17 illustrate different speci- 
mens of this rock. 


Rio Jmdache Series 

The third place where the base of the sediments and the underlying 
igneous rocks were encountered is about 20 miles north of the occurrence 
on the Misahualli river and about 50 miles in an air line southwest of 
the Coca river locality. 

Here the sediments terminate against the Guacamayos mountains at 
an elevation of 4,000 feet above sea level. They form cliffs in the valley 
of the Jandache river where the trail from Quito to the Napo river 
crosses the valley. 
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The presence of these sediments, and the underlying igneous rocks 
similar 111 olia racier to the volcanic rocks and associated o\orlymg sedi- 
ments found ai the (Umx ri\er and the Misahualli river, afford additional 
evidence of t ho existence of a widely distributed sedimentary series lying 
uncoil formality on a series of much older, altered igneous rocks of sur- 
face volcanic tjpov 


•is # 
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Fig. 17. Rio A llmhuaUi No, 13b,- -Altered amygdaloidal basalt. Photomicrograph, 
nicoln oroHHod, nhowlng cavities formed by loach lug, tilled lu part with ealcito, in part 
with flno HorpcntinouK matter; and completely altered feldspar laths distributed in an 
altered, dark, glassy base. x-1. 

Nperimpn B> collected from the (‘lifts and beneath the sediments of the 
Janduche river, is a spheroid ie, porphyritic and devitrified lava, with a 
composition intermediate between a rhyolite and dacite. 

The rock was initially a porphyritic glass containing spherulitos, small 
phenocrysts of oligoclase and orthoelase, little biotitc crystals now thor- 
oughly bleached and spotted with magnetite, limonite, leueoxene and 
hematite, and multitudes of crystallites distributed through the originally 
glaRsy groundmass in swirling flow lilies. The primarily glassy ground- 
mass consists of an unusually coarse and intricately interlocked devitrifica- 
tion aggregate composed of quarto and feldspar, which retains traces of 
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replaced spherulites and through which the lines and streams of crystal- 
lites pass uninterruptedly. 

The Feldspar phenoorvsts are slightly kaolinized and flecked with tiny 
scales of serieiic, and a few small hornblende crystals in the ground mass 
have been so thoroughly destroyed by the alteration attack that only their 



Fig. 18. — Rio JandarJte No. JS. — Devitrifled altered doUenltie vltrophyro, 
micrograph, ordinary light, showing fine and originally glassy mlcrolitlV groumlniasH, 
with flowagp and traces of spherulites, and an altered orth)clasc plienoeryst. XU 5. 

outlines remain. They consist now of an aggregate of quartz mixed with 
a little fine flaky mica and limonite. The rock is a coarsely devitrifiod 
dellenitio vitrophyro. Home of the features mentioned are shown in 
Figures 18 and 19. 

B. IGNEOUS ROOKS OF PROBABLE PRE-ALBTAN AGE 

Rio Pastaza Series 

In the gorge of the Pastaza river, between the mouth of Kio Topo, 
which lies at an elevation of 4,000 feet, and the hamlet of Mera, 3,800 
feet above sea level, 47 miles and 56 miles, respectively, by trail from the 
city of Ambato, there is a narrow belt of igneous rocks nine miles in width, 
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lying between exposures of sediments, on the one end at the mouth of the 
Topo Eiver and on the other just east of the village of Mora. 

The sediments at Topo mor are limestones, shales and sandstones, con- 
taining fossils. A good collection of these was made but it was unfor- 
tunately lost in transit. We believe these rocks are Cretaceous. They dip 
westward at an angle of 55°, striking nearly north-south. The sediments 
just east of the village of Mera are Cretaceous. 
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Fiu. 10. — /ffo Jumlachv Vo. /*.-» Miotomlcrogr&iili, Ranm fleld soon In Fig. 18, nicols 
croHHtd, allowing complete devitrification of the former glnfmy groundma»8, and altered 
phenocryHt of ort lindane. X-t. 


On the east hank of the Topo river J:horo are blocks of reddish granite, 
and exposures of this granite occur in Znnac creek, which lies a mile to 
the east. The granite may be traced as far as a hut called “Tamba de 
Cashaurou,” 7.75 miles by trail from the Topo river, and lying at an 
elevation of 4,(>?d foot above sea level. In the midst of the granite, which 
apparently forms the surface almost as far as the village of Mera, and 
between a high ridge to the eastward known as Abitagua and a point about 
one and a half hours’ walk from the hut called Cashaurcu, there is an 
outcrop of igneous rock of surface volcanic type, resembling the previously 
described pre-Albian rocks of the Coca, Misalmalli and Jandache rivers. 
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Since this exposure is not directly associated with any of the sediments 
the age of these volcanics is unknown. 

Specimens ? a and 7 c were secured from the exposnre mentioned, on the 
north side of the Pastaza Valley about three miles west of Mora. 

Sample ?a is coarsely felsitic in texture. It is composed of dominant 
alkali feldspar and quartz in beautiful micrographic intergrowtlw, occa- 
sional slightly larger individual allotriomorphie quartz grains and small 
patches of mosaic-like aggregates of quartz, the whole forming over 5)3 
per cent of the rock. Tiny shreds of chloritized biotite and a few chlori- 



Fig. -0.— -Pantasa \ alley No. 7a. — IthyolitP. Photomicrograph, nloolH crowned, Hhow* 
ing ttnely micrographic quartz-feldspar groundmaws containing wmaii enhodral lnth« of 
ollffoclanc in the micrographic areas, and anhedral grains of quartz. xM. 

tized crystals of the same mineral, of phenocrystic dimensions, are scat- 
tered through the ground mass, together with a few small aggregate patehoB 
of zoisite-epidote. The most striking thing about the rock is its micro- 
graphic structure. Minute euhedral crystals of plagioclase feldspar, of 
acid oligoclase composition, are set in poikilitie fashion in individual 
micrographic areas, different sections of which extinguish differently, so 
that the micrographie units simulate crude and extremely coarse sphera- 
lites. 
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In composition the rock is a rhyolite, although it lacks flow structure. 

Sample 7c is finer textured than No. 7a, and lacks the very striking 
micrographic* structure displayed by that specimen. The groundmass 
consists of a closely interlocking fine aggregate of alkali feldspar, carrying 
numerous fine scales of sericite. Both orthoclase and acid oligoclase occur 
as phenocrysts, as well as corroded quartz crystals. A lew bleached biotite 
crystals spotted with little patches of leucoxene represent the only other 
component in the rock. Like No. 7a, this specimen is a simple rhyolite, 
lacking flow structure. Figures 20 and 21 illustrate these two rocks. 

“ Cordillera ” Ouaca?nayo$ Series 

Specimen A, B and C . — xibout twelve miles, in an air line, south of the 
village of Baeza on the trail to the Napo Itiver there is a prominent but 
narrow ridge whose crest rises to an ele\ation of 7,870 feet above the sea. 
Six miles south of this summit, at the base of the ridge, the trail crosses 
the Rio ♦laudachc whore, as previously mentioned, the pre-Albian sedi- 
ments terminate in the south slope of the valley and are underlain by 
altered voleanics. 

The rooks of the ‘Vordillenf* (Liaoamayos, probably of the same age 
as the pre-Albian voleanics, are badly weathered, rusty, brown and white 
mottled, and contain chalky white spots. 

Although Specimen .1 is very much altered there are distinct traces left 
of its former texture and structure. It is coarsely porpliyritic, with large 
phenocrysts of altered plagioclase feldspar and Carlsbad twins of alkali 
feldspar distributed in a moderately coarsely crystalline groundmass com- 
posed of smaller laths of altered plagioclase, and plates of bleached biotite. 
Larger crystals of biotite, of phenocrystic dimensions, are likewise dis- 
tributed through the rock.* Most of the feldspar is thoroughly altered ; all 
of it has been sericitized and a groat deal of it has been albitized. The 
rock} has been Hooded with quartz and albite to such a degree that the 
original groundmass-IVldspar laths, now almost wholly modified in com- 
position, are distributed in a much coarser textured mosaic of albite and 
quartz, which is filled with “dust’ 1 outlining the forms of the earlier 
replaced feldspar, and with bubble and liquid inclusions as well. 

Here and there albite twinning may be observed in some of the feldspar 
phenocrysts, but the clear feldspars of the phenocrysts are crowded with 
bubble and liquid inclusions ; this feldspar is judged to be later replace- 
ment albite. All the biotite is bleached, wholly or in large part, with the 
development of brilliantly polarizing colorless mica, a faintly green pleo- 
chroic mica that is also brilliantly polarizing, a little granular titanite. 
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granular magnetite, and a little leucoxene. Fine flaky chlorite is also a 
product of the same process. 

There is no evidence of crushing or shearing, but the rock is so thor- 
oughly modified by processes that were under igneous control that provided 
the extent of this sort of modification may bo considered a criterion, this 
rock belongs to the older group; that is, it is probably older than the late 
An dean lavas (pre-Quaternary). Weathering has produced lituonitic and 



Fig 21. — PaBtasa Valley A'o. 7c — Rhyolite. Photomicrograph, nieols crotwcd, show** 
ing partially reeorbed quarts phenocryst and groundraass of lino, interlocking micro- 
crystalline aggregate of feldspar, more or lesh sericlUssed. X<W. 

kaolinitic products, subsequent to the modification of the rock by tho 
meta8omatic replacement by quartz and albite. A little of the quartz may 
be primary, more especially in scattered areas where it 1ms an interstitial 
distribution. It is almost impossible to differentiate, however, between 
original quartz and that which is associated with the albite as replacement 
quartz. So far as can be judged, the rock is a much modified and exten- 
sively weathered monzonite porphyry, or a closely related type. 

Sample B. 

This specimen carries phenocrysts of embayed quartz, in many instances 
surrounded by and in all cases connected with and encroached upon by 
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very coarsely spherulitic feldspar, which is associated not only with the 
quartz phenocrysts but which also occurs in close connection with the 
feldspar phenocrysts as well. Very much smaller spherulites with the same 
composition are distributed all through the granular quartz-feldspar 
groundmass. 

The feldspars, both as phenocrysts and in the groundmass, are almost 
completely altered; in part to fine flaky sericito; in part to an opaque- 



Fio. 22 .--Cordillera Guacamayos No. Spherulitic giranophyre. Photomicrograph, 
nieolH orosHod, allowing granular groundmass of quartz-Coldfipar, altered feldspar pheno- 
crysts and a apheruUUe area with center of quartz. The dark cryHtala at top and 
right of picture are altered, very turbid and serlelllzed phenocrysts of feldspar. The 
rock Is strongly porphyrltle. XiM. 

white finely granular product that causes the feldspar to look very dark 
and turbid by transmit! od light, probably a form of kaolinite ; and in part 
to a low index, transparent but milky isotropic substance that may perhaps 
be halloysite (?). The feldspars still show traces of both albite and 
Carlsbad twinning ; they are judged to have been initially both orthoclase 
and soda plagioclase. 

The biotite has been wholly destroyed and converted into aggregate 
granular pseudomorphs of quartz, epidotc, chlorite, magnetite and leu- 
coxene. Superficial weathering has been productive of limonite, which 
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has formed at the expense of some of the biotite, and which is likewise 
distributed in minute cracks in the rock. The halloysite (?) and the 
other opaque-white alteration product of the feldspars are likewise 
judged to be superficial weathering products. The rock is a spherulitic 
granophyre. 

Figure 22, a photomicrograph taken with nicols crossed, illustrates the 
coarsely spherulitic character of the rock, its porphyritic habit, and the 
moderately granular condition of parts of the groundmass that are not 
spherulitic. 

Sample C has been much more affected by weathering than either A or 
B. It is a granitoid rock whose feldspar, now almost completely de- 
stroyed, was a basic or moderately basic plagioclase. The original ferro- 
magnesian has been entirely converted into a brilliantly polarizing, 
brownish yellow, slightly pleochroic fibrous and scaly aggregate judged 
to be goethite, which is distributed along the cleavages of the feldspar and 
in the body of the feldspar itself in fan-like groups of fibers, as well as 
interstitially. Much epidote and secondary quartz have developed through 
the alteration of the feldspars, so that the rock now consists largely of 
secondary aggregates and products of weathering. From the remnants 
of originals left and the nature of the alteration substances, the rock is 
judged to be a gabbro, or an allied type. 

All of these samples are probably related to an earlier igneous stage 
than that which gave birth to the later lavas. There is no evidence, how- 
ever, of any of the severe deformation that has affected the schist series 
of the Papallacta group. 

Rio Papallacict Yolcanics ( pre-Albianf ) 

In the midst of the schists of the Bio Papallaeia, G.7 miles east of 
Papallacta, at an elevation of 8,571 feet, there is an outcrop of apparently 
the same formation as that underlying the Albian sediments. 

Specimen 2b, representative of this outcrop, is a very fine textured, 
pinkish, and much indurated rock. 

Although all the original minerals have been completely destroyed, 
both texture and structure are beautifully preserved. Some of the lath- 
like feldspar and some of the originally fine interstitial groundmass have 
been converted into a very fine microcrystalline aggregate whose index of 
refraction is higher than that of the associated quartz ; it is judged to be 
microcrystalline kaolinite. The femic components of the rock have been 
altered to limonite and turbid carbonate, appearing in ragged patches but 
also pseudomorphous after small prismoids of some sort, probably either 
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augite or hornblende. The complete destruction of the components, but 
at the same time the preservation of their original form and distribution, 
is a very striking feature. 

Much quartz of secondary origin is a prominent component of the rock, 
and this has replaced both groundmass and feldspar. Judging from the 
relations between the quartz and kaolinite the quartz is earlier; the kaoli- 
nite actually encroaches on the quartz and in many instances jt has com- 



Fig 13a.— -Pa pall a < ta Hirer Volcanic No. 2b. — Photomicrograph, ordinary light, show- 
ing relic structure The feldspars are merely “ghosts” of original plngioclase laths. 
They are so completely replaced by quartz and kaolinite that all traces of them dis- 
appear between crossed nleols. The Interstitial groundmass has been altered to fino 
mleroerystalllne kaolinite and quartz. The black patches are Hmonite X24. 

pletcly replaced the secondary quartz, so that the substance of the ground- 
mass and former feldspars is entirely kaolinite; whereas in other ao*eas 
the replacement of the quartz by kaolinite is partial, the former feldspars 
consisting of botli products. In places where the quartz is the chief re- 
placing medium, the lath-like feldspars are structurally suggestive of 
former plagioclase. 

The rock was probably initially an andesite or some closely related 
type, which was thoroughly silicified and partially kaolinized. It is 
certainly later than the schists, but whether it may be related to some of 
the late Andean lavas or not it is impossible to say. 
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Figure 23, a photomicrograph taken in ordinary light, illustrates the 
feldspar forms, now completely altered. Between crossed nicols the relic 
structure, seen in ordinary light and shown in the photomicrograph, 
vanishes, a mierocrystalline aggregate of quartz and kaolinite taking its 
place. It will be observed that the rock exhibits no signs of deformation 
at all and no evidence whatever of any of the intense deep-seated meta- 
morphism that characterizes the schist series. 

Rio Quijos Samples (pre-Albian?) 

We questionably assign to this category two samples from the Rio 
Quijos, Nos. 11 and 12. These rocks are of doubtful origin and uncertain 
relations. Specimen No. 11 was secured along the road between Quijos 
bridge and the cable crossing over the Quijos River, one mile from Baeza, 
at an elevation of 5,870 feet. Sample No. 12 came from a massive out- 
crop on the left bank of the llio Quijos at the cable crossing, one-fifth 
of a mile north of No. 11 at 5,852 feet elevation. 

No. 11 is a limestone breccia whose origin is obscure. It is composed 
of finely granular crystalline carbonate, carrying patches or fragments of 
very coarsely crystalline carbonate that presents evidence of severe crush- 
ing; and shattered grains and areas of quartz, transected by veinlets of 
carbonate. 

Veinlets of carbonate cut the whole rock mass as well, intersecting, 
ramifying and forming a carbonate-filled fracture system in a carbonate 
rock that is itself a breccia. 

No. 12 is a serpentinized rock of doubtful origin. It is composed of 
lamellar antigorite with heterogeneous grouping in places, as well as in 
rosettes, blades, fan-shaped leaves and fine aggregates. Occasional patches 
resemble bastite, possibly representing completely destroyed orthorhombic 
pyroxene. In addition there is a little fibrous anthophyllite (gedrite) and 
considerable carbonate with steel-gray interference colors that may con- 
tain iron and perhaps magnesia as well as lime. Irregular grains and 
groups of grains of magnetite and pyrrhotite are sparingly distributed 
through the rock, which contains no trace of any original structures unless 
the possible bastite areas connote former pyroxene crystals. 

It is possible that this rock may have been derived from a basic igneous 
rock of the nature of a peridotite, but there is no definite proof of this in 
the sections. 

(c) THE GRANITES 

We have no information regarding the age of the granites of eastern 
Ecuador. We found them in three regions ; one on the Rio Pastaza, an- 
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other in the country south of the Guacamayos mountain ridge, between it 
and the Rio Jandaehe, and a third on the Rio Napo a few miles below 
Napo, where the granite has a peculiar occurrence. 

Rio Pasiaza 

Specimen 76. Between the sedimentary rocks of Cretaceous age at the 
mouth of the Rio Topo and in the vicinity of Mera, from 4,000 to 3,800 
feet above the sea, there is a mass of red granite which is several miles wide 



Fig. 24. — Mo Paataza granite. — Photomicrograph, nicols crossed, showing graphic 
structure. Over 08% of the rock consists of quartz and feldspar in graphic Intergrowth. 
X22. 

(the distance by trail across this is nearly ten miles). We have previously 
referred to the presence of rhyolite in the midst of this granite (samples 
Nos. 7a and 7c) . The presence of this granitic mass between the two sedi- 
mentary areas is peculiar but we do not know what relations exist between 
the granite and the sediments. 

The sample of granite from the Rio Pastaza was collected between the 
hut called Oashaurcu and a ridge called Abitagua about three miles west of 
Mera on the north bank of the Rio Pastaza. The rock is strikingly graphic 
in a very coarsely microscopic way, the grains ranging from one to two 
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millimeters in dimensions. Quartz and alkali feldspar compose over 98% 
of the specimen. The feldspar consists chiefly of orthoclase, cryptoper- 
thite, and very little oligoelase-albite. It is all turbid from slight kao- 
limzation, and the quartz is crowded with liquid and gas inclusions. 
A few little magnetite crystals and tiny zircons represent the minor acces- 
sory components, and an occasional microscopic fracture is tilled with 
epidote. In addition to slight kaolmization many of the feldspars are very 
sparingly flecked with fine scaly sericite and minute random patches of 
zoisite-epidote, but on the whole the rock, a typical graphic granite, is 
comparatively fresh. Figure 24 illustrates the general character of this 
specimen. 

Rio Urcusihiyacu 

Specimen a. The trail from the Guacamayos Ridge south toward the 
Bto Napo crosses an area of granite lying between the base of the ridge 
and the Rio Jandache, where the presence of altered volcanies beneath the 
Albian sediments which bound the south wall of the valley of the Rio 
Jandache has previously been referred to. The sample was collected 
from the trail on the right bank of the Rio Urcusikiyaeu, 3.33 miles north 
of the Rio Jandache at an elevation of 4,630 feet above the sea. The 
specimen of granite collected in this locality is a coarse textured, very 
inequigranular, light colored rock composed of quartz, albite, mieroper- 
thite, microcline-mieroperthite, and a little biotite. The feldspars and 
the biotite show only incipient alteration, and there is a slight development 
of limonite in minute hair-fractures in the rock. There is some evidence 
that the perthitic feldspars originated through partial replacement of 
earlier orthoclase by end-stage albite; this is shown by the extremely 
ragged unoriented albite streaks in the orthoclase that cut across the 
cleavages, and by the interstitial and marginal distribution of albite and 
quartz that have effected some marginal replacement of the earlier feld- 
spar. The rock is a simple biotite granite. 

Rio Napo 

Specimen 6 . A very peculiar occurrence of granite was observed on the 
Rio Napo, about five miles below the pueblo of Napo. On the left bank 
of the river at a place called “Remolino de Latas ” nearly horizontal 
limestones of Turonian age were seen. On a hill about one hundred 
feet above the surface of the river, we encountered several boulders some 
six feet in diameter, lying on the limestones. We are ignorant of both 
the source and the origin of the granite boulders. They have the ap- 
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pearance of boulders transported either by glaciers or flows of lava; they 
may possibly represent an inlier of granite, but this is very doubtful. 

The sample is a simple biotite granite that differs from the granite 
on the Urcuflikiyacu river only in minor internal structural details, and 
in the degree of alteration of the feldspars. The component grains are 
extremely irregular in outline, with strongly interlocking margins. The 
interlocking of the quartz and feldspar develops into micrographic struc- 
tures in places, and there is a tendency toward the production of proto- 
clastic structures on the margins of occasional grains. The feldspars 
are in large part microperthite and orthoclase, with a smaller amount of 
oligoclase. The orthoclase and microperthite are very turbid, owing to 
the formation of opaque-white kaolin mixed with a little sericite and 
minute grains of zoisite-epidote. Some of the biotite present has been 
altered in part to chlorite. Occasional random grains of magnetite and 
a few mmute grains of zircon form the only accessories. 

(d) QUATERNARY LAVAS 

All the metamorphic and igneous rocks described in the preceding pages 
refer to rocks judged to be pre-Andean in age. They were probably 
metamorphosed and extensively altered before the uplift of the Andes, 
which we now believe took place in very late Tertiary time. 

The lavas which were extruded and the ash which was cast forth over 
the surface during the formation of the Andes, and up to the present 
day, is characterized by freedom from alteration. The component min- 
erals are always perfectly fresh. Where one can examine the lava streams 
which are still uneroded, it is possible to recognize these lavas without 
petrographic study. 

We have previously referred to the lavas of the volcano Sumaco which, 
during the opening of the orifice in the Cretaceous sedimeuts and dur- 
ing the activity of ihe volcano, wore poured forth on the surrounding 
Cretaceous rocks. The lavas of Sumaco have been described (/), bui 
so far, unfortunately, no one 1ms been able to collect any samples of the 
lavas of the volcano “El Beventador,” which came into activity in 1926 
on the Bio Coca. 

Apart from these two centers of volcanic activity in what has been con- 
sidered a region separate from the Andes, it is probable that other 
Quaternary and recent lavas have been poured out on the surface in other 
localities not yet discovered. In 1921 we noted blocks of fresh lava in 
several places on the sediments; on the Bio Misahiialli, again on the 
divide between the Bio Anzu and Bio Puyo at about 4,000 feet elevation, 
and also on the Bio Ila a few miles above the pueblo of Napo. 



52 


ANNALS NEW YORK ACADEMY OF SCIENCES 


The samples herewith described may represent the lower parts of recent 
lava flows from the volcano Antisana. 

Sample No. 10 was collected on the trail from Papallacta to Baeza, at 
a point 16.3 miles east of Papallacta and at an elevation of 6,290 feet 
above the sea. It is a very dark gray, slightly porphyritic, vesicular 
rock, somewhat rusty through weathering. The groundmass is com- 
posed of tiny microlites of fresh basic plagioelase crudely oriented in a 
flow structure anji distributed in a mesostasis of dark altered glass which 
is filled with multitudes of specks of iron oxide. In addition there are 
granules of partially altered olivine, granules of augite, and little crystals 
of magnetite. Scattered through the groundmass there are somewhat 
larger, but not phenocrvstic, crystals of labradoritc, olivine and augite. 
The rock also carries phenocrysts of clear, zoned labradoritc, commonly 
badly corroded and filled with groundmass matter that is distributed 
both zonally and heterogeneously m the feldspar; and crystals of augite, 
some euhedral, others exhibiting corrosion, with the development of 
almost colorless and more brilliantly polarizing margins quite distinct 
from the main part of the crystals. The augite is faintly pleochroic 
grayish-green to faint rose-pink, optically positive, Z A c=38°-tO°, and 
has distinct dispersion. The rock is a basalt, unaffected by dynamic 
movements and but very slightly affected by weathering. It is certainly 
much younger than the schist, and perhaps younger than the silicifiod 
and kaolinized andesite No. 2-b that occurs in the vicinity of Papallacta. 
This, however, is purely conjectural. It is probably lava from one of 
the neighboring volcanoes. 

Specimen 2 represents an occurrence near Ohalmayaca, 9,000 feet 
south of the end of the Baeza Road. It is very dark gray, fine textured 
and porphyritic, with “chalky” looking phenocrysts. 

The groundmass is hyalocrystalline, filled with many tiny mieroliies 
of plagiodase arranged in flowage structure, and containing irregular 
patches of a clear, low index substance that consists of tridymiic, occurring 
in characteristic “spearhead” or “wedge” twins. The phenocrysts are 
crystal clear plagioelase and wholly altered hornblende and biolito. The 
plagioelase is poorly twinned but very strongly zoned; the zoning is so 
prominent and the change in composition so continuous that the plagio- 
clase phenocrysts do not completely extinguish in any position. 

Judging from their indices of refraction, considerably higher than 
balsam, and approximate extinctions (complete extinction is not found) 
measured from cleavages, the feldspar phenocrysts have an average com- 
position corresponding to a basic andesine. They are veined with an 
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isotropic substance whose index of refraction is considerably lower than 
1.535, resembling analcite (?), clear and colorless in ‘transmitted light, 
but somewhat opalescent by reflected light. 

The phenocrysts of hornblende and biotite have been completely con- 
verted into fine mixed aggregates of magnetite and hematite. A little 
magnetite in euhedral grains, a few small crystals of fresh augite, and 
occasional turbid crystals of apatite, constitute the accessory minerals. 

The rock has not been subjected to any deforming stresses at all; it is 
a simple andesite with a simple history, much younger than the schists, 
and possibly related in time and origin to the basalt No. 10. 
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INTRODUCTION 

Before men and other animals had progressed to the point of having 
minds, so that they could feel hunger, pain, fear, rage and other types 
of emotional excitement, the organism was merely a community of living 
cells. Yet this community must have had some way of meeting danger 
from without; otherwise it would never have survived to develop into the 
animal and human bodies we know today. In other words, before con- 
scious mind evolved there was the automatic protective response of the 
living thing which still operates today in the unhappy physiological 
“kicks” produced by various types of external stimuli playing on the 
organism. These primitive experiences are not peculiar to man alone 
but are shared with the lower animals. A knowledge of the conditions ac- 
companying these experiences is, therefore, of general and fundamental 
importance in the proper interpretation of animal behavior and of the 
social life of human individuals. 

One of the most fundamental of all the phenomena which characterize 
animal life is the spontaneous motility of the animal organism. This 
animal activity, although it varies widely in form and extent from species 
to species, is an ordinary phenomenon which one always anticipates 
under normal physiological circumstances. We may ask, then, what is it 
that marks the diverse performances which animals display? Their ac- 
tivity is ordinarily considered to be the result of some form of external 
stimulation. Yet all animals, from the lowest unicellular organism to 
man, are active even when all external stimuli have been eliminated. This 
spontaneous motility, just like the motility of the gastro-intestinal tube 
and other forms of bodily activity, must have a definite cause, the under- 
lying physiological origin being due to some natural factor within the 
organism itself. In brief, the biological requirements and behavioristic 
reactions of all animals in the zoological scale, including man, are to a 
large degree governed by “internal drives” of the cell mechanism; the 
hunger urge is only one of many such existing factors leading to altera- 
tions in the bodily economy. 

Carefully conducted experiments of a comparative nature on the move- 
ments of the empty stomach of numerous vertebrate and invertebrate 
animals have made it possible to increase materially oxir knowledge of the 
functional mechanism of this very important organ, to unravel hidden 
secrets which previously we did not know existed, and to explain them in 
more or less understandable terms of physiology. 

Since the alimentary tube is an enfolded portion of the body surface, 
food taken into it is not in the body but is merely enclosed. Therefore, 
in virtue of the circular and longitudinal muscular layers contained within 
its walls, it is a contractile tube, capable under normal conditions of per- 
forming peristaltic and segmental activity which is so essential in the 

( 50 ) 
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proper transportation and disintegration of tlie ingested food. At the 
same time, by means of its epithelial lining and digestive glands (includ- 
ing the accessory glands of digestion) it is a digestive tube for making 
soluble, through enzymatic action, the food material, in order to moot the 
nutritional needs of the tissue cells of the body. In other words, the tube 
is so constructed anatomically, and so controlled by nenes, that it can 
easily perform those mechanical and chemical processes governing food 
digestion. 

However, when the stomach is in the empty or nearly empty state it 
may also exhibit active peristaltic movements giving rise, at least in man 
and the higher animals, to the complex sensation called hunger which 
urges, drives and compels man and animals to the ingestion of food. In 
the persistence of hunger it is a sensation so disagreeable, so tormenting, 
that men have committed crimes in order to assuage it. It has led to 
cannibalism, e\en among the ci\ ilized. It 1ms resulted in suicide. It 1ms 
defeated armies. And it has led to the mutiny of sailors on shipboard — 
for the aggressi\e spirit detaches itself from loyalties and becomes personal 
and selfish as the hunger pangs increase in \ igor and insistence. 

It has been shown in gastric studies on man and the higher animals that 
analogies as well as differences between the activity of the stomachs of 
these animals exist, but very little research, as yet, has dealt with the 
complete analysis of the hunger mechanism in the lower vertebrates and 
no papers have appeared which deal with the graphic analysis of this 
problem as related to that great group of invertebrate animals. It is gen- 
erally conceded that environmental changes m climate, temperature, and 
food, over extended periods of time, are more or loss reflected by changes 
in the gastro-intestinal canal. By studying these correlated data one 
should he able to explain some of the underlying causes of these structural 
and functional variations and thereby be aided in a more complete in- 
terpretation of the complex mechanism of the stomach of man. 

The writer has selected those animals from the phyla of the vertebrate 
and invertebrate groups — including terrestrial and marine forms that 
lead lives of very dfterse character — which could be modified through sur- 
gical procedures to meet best the technique required for such an experi- 
mental investigation. They are, thus, suitable subjects for investigations 
concerning variations in the functional relationships of the gastric mech- 
anism. It is the purpose of the present paper to attempt a more or less 
comprehensive analysis of the hunger problem as related physiologically to 
the series of diverse animals selected for this investigation. Such a study 
is not only of value to biology, to comparative physiology, to experimental 
and clinical medicine, but it also has its economic importance. 



THE BIOLOGICAL SIGNIFICANCE OF HUNGER 
IIung eh in the Protozoa 

Biologically, hunger is a condition that leads to the taking of food and 
it may be considered more fundamental or primitive than the urge of sex, 
since bodily nutrition is a necessity in all forms of life. The underlying 
mechanisms in the genesis of the hunger urge in the higher animals is 
obviously a sensation involving a more or less complex nervous organiza- 
tion. Therefore, hunger as a sensation or conscious process is probably 
confined to such animals as possess a nervous system and an alimentary 
canal, aided possibly by a humoral mechanism. What, then, are the factors 
that lead to the ingestion of food in the unicellular and in the simpler 
metazoic animals which have no specialized nervous system? Are the 
primordial factors that cause an amoeba to pursue and engulf another 
unicellular organism comparable in any way to the mechanism of the 
hunger urge in man and the higher animals ? 

All the unicellular organisms, including the simpler parasitic forms, 
li\e, at least during their periods of activity, either in water, in animal or 
plant fluids, or within the living cells of: other animals. Under these con- 
ditions the food materials are in solution in the medium surrounding the 
cell or the animal and the process of feeding is essentially the same as 
that of the tissue cells composing the bodies of higher animals. According 
to Putter (190 ), 1 this may apply to all the lower forms of life inhabiting 
the waters of the earth. We know that all metazoa feed on other unicellu- 
lar animals and plants, whole or in fragments, and that they are taken 
into their bodies as food, and digested. The processes of ingestion, diges- 
tion and egestion, in a simple form like the amoeba, may be said to be 
accomplished through the super-mechanical properties of the living pro- 
toplasm composing its body. In brief, it is a property of the protoplasm 
to develop temporary organs to meet the needs of the organism. When 
food iR ingested a temporary mouth is formed by the engulfing process and 
as the food particle enters the body of the organism some water is taken 
in with it, and a food vacuole is formed that functions as a temporary 
stomach. It is assumed that the food substance is then made soluble 
through the action of a digestive enzyme or enzymes present in the cell 
fluid which, finding its way through the membrane of the food vacuole, 
attacks the food. Auy non-digestible portion is expelled through a tem- 

1 Throughout the present paper the numbers In italics enclosed by parentheses refer to 
works similarly designated in the bibliography. 
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porary anal opening or vacuole of egestion. The ingestion of solid particles 
by this primitive amoeboid organism is practically identical with that 
found m the special phagocytic cell in the higher animals, although the 
latter is probably not primarily a feeding apparatus. 

In many protozoan organisms the active feeding stage appears to be 
almost as continuous as contact with food particles permits. A few of 
these organisms seem to be able to differentiate between nutrient and non- 
nutrient particles while others take them up more or less indiscriminately. 
Jennings (104) in his studies of the feeding processes of amoeba, reports 
that the animal may remain at rest for a few minutes following the in- 
gestion of food; but since the amoeba becomes active again before the food 
is actually digested, the brief rest period cannot be interpreted as a state 
of satiety. According to Verworn (281), the phenomena of feeding, in 
the protozoa, including a certain capacity of selection of food, involve 
automatic motility initiated through chemo- and stereotropisms only, but 
no statement is made as to whether the rate of this motility varies with the 
degree of hunger. Hodge and Aikens (03), working on the vorticella, 
found that the cilia worked uniformly and continuously night and day, 
in drawing in and assorting food particles. But the authors were unable 
in any appreciable degree to satisfy the apparent hunger of these animals 
by an abundant food supply. In paramecium, an extensive food supply 
leads to a decrease in the activity of the body cilia. The animal comes to 
rest, but the oral cilia continue to draw food particles into the mouth at 
approximately a constant rate (108). Wallengren (286), on the con- 
trary, observed no changes in ciliary movements and vacuole contractions 
or in the excitability of this animal during hunger except lor a decreased 
activity when the paramecium was near death from starvation. ITowever, 
Schaeffer (208) has described in stentor certain differences in behavior 
between the states of hunger and satiety. When ihe animal is gorged 
with food it remains somewhat contracted, ihe activity of ihe tnom- 
branelhe are markedly decreased, it is less excitable to external stimuli, 
and it discriminated more carefully between food particles and indiges- 
tible particles in the water current. It is evident that a state of depletion 
or hunger in stentor leads to increased excitability, increased motility, and 
increased avidity of food ingestion. It is possible that future investiga- 
tions will reveal similar differences in most of the unicellular animals. 
Therefore, can this increased activity in a protozoan like stentor be con- 
sidered as expressions of conscious states, analogous to the hunger urge 
in higher animals? 
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Hunger in tiie Simpler Metazoa 

The mechanism ol phagocytosis in the metazoa is not primarily a feed- 
ing process, but it is concerned with the destruction of cellular debris and 
cells foreign to the organism. Furthermore, the metazoan phagocytes 
probably feed on the organic substances in solution in the body fluids as 
do the cells of other tissues. It is possible that the rate and quantity of 
ingestion of the foreign cells may depend, in part, not on the condition of 
the phagocyte, but on certain substances — of an opsonic nature, present 
in the body fluids — that act in a sensitizing manner on these foreign cells, 
thus augmenting the process of phagocytosis. Such a process is not known 
to exist in the feeding phagocytosis of the protozoa, but it does not neces- 
sarily imply that the essential mechanics of the phagocytic processes in 
the two groups are different. 

In actinians, both ciliary and muscular activity are involved in the ap- 
propriation of food. Chief among these are the response of the oral cilia 
and the movements of the tentacles, both of which are open to significant 
changes of the utmost importance in judging of the relation of this proc- 
ess to the animal as a whole. Unlike the tentacular cilia, the oral cilia, 
those of the lips, and of the esophagus, may reverse the direction of their 
stroke, thus converting the usual outward current into an inward one. 
Under ordinary circumstances the reversal of the oral cilia is accomplished 
by dissolved substances from the food and in the earlier studies made by 
Parker (168) on the sea anemone (Metridium) it was believed to be the 
only way by which such a reversal could be induced. Later, Torrey (226) 
showed that such a reversal could be brought about in Sagartia by mechan- 
ical stimuli as well as by chemical means and that it was favored by 
a starved condition of the animal. Allabach (8) also found that such 
a ciliary reversal could be induced in Metridium by mechanical stimu- 
lation and Gee (<SW), using specimens of Onbrina , found that those kept 
in the laboratory for some time failed to give a reversal to mechanical 
stimuli, whereas such animals in their native pools gave evidence of 
it. Allabach (#) also found that in Metridium marginatum some in- 
dividuals, on mechanical stimulation, readily reverse their ciliary stroke, 
others less readily, and still others not at all; these variations are 
dependent upon whether the animals have been starved or fed. For 
example, in two underfed specimens there was a reversal of cilia to 
clean filter-paper, and then, when they had been vigorously overfed and 
the filter-paper test repeated again after three hours, there was total 
failure of any reversal of the cilia and the paper was consequently re- 
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jected. In another test, made eighteen hours after the feeding, the paper 
was engulfed, showing that the cilia had returned to the state character- 
istic of animals that lacked food. It is therefore evident that an under- 
fed Metridium will reverse the effective stroke of its oral cilia to mechani- 
cal stimulation, while a small quantity of food will abolish this peculiarity 
and lca\c the*e organs incapable of such re\ersal. 

However, will meat or meat extract induce this reversal after the ane- 
mone is gorged with meat or other forms of food ? This investigator con- 
cluded that the loss of power to reverse the stroke of the oral cilia was 
the result of the difference in metabolism between a well-fed and an un- 
derfed individual. 

In a further analysis of this explanation, it was found that when the 
esophageal tubes of Metridmm were cut from recently fed animals and 
experimented with as ciliated membranes, they exhibited well-marked 
ciliary reversal to pieces of clean filter-paper, while to fragments of mussel 
they reversed the ciliary stroke in the way characteristic for food; but 
after a dozen or more such trials they were no longer able to show this 
reversal. This loss of the reversal of the ciliary stroke Allabach (3) be- 
lieves is referable to a factor of fatigue since the mechanism of the animal 
in the undisturbed state is at its greatest sensitiveness. On feeding, how- 
ever, its efficiency diminishes so that filter-paper no longer excites a re- 
versal, a change which is now called forth only by the more vigorous stim- 
ulation from the dissolved products of the food. 

The feeding movements of the tentacles in actinians are obvious neuro- 
muscular reactions, as is proven by their disappearance on narcotization 
with chloretone. It has been found that these responses gradually be- 
came slower or even ceased as feeding progressed in both Metridium and 
Oribrina. Jennings (105) has applied crab meat to the left tentacles of 
Aipiasia and observed a quick transfer of the food particles to the mouth, 
but after five such tentacular reactions they quickly diminished and ceased. 
The right tentacles responded in a similar manner when stimulated, after 
which the left tentacles could again be induced to respond sluggishly for 
a few times. On the contrary, Allabach (S) with Metridium and Gee 
(83) with Oribrina obtained only negative results. It is the opinion of 
these last two investigators that the change in the tentacular responses 
after continuous feeding is due to sensory fatigue and not to a general 
metabolic condition, although they admit that the food substances un- 
questionably serve as material for metabolism and eventually must in- 
fluence the general state of the animal. The seat of the modified re- 
sponsiveness lies very largely in the individual tentacles and is consistent 
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with the structural organization of the animal and the nature o£ the nerve- 
net, thus emphasizing the relati\e independence of parts rather than the 
action of the organism as a whole (164)- Therefore, in the actinians 
there exists a state of hunger whose complexity is in proportion to the 
neuro-uniscular dc\elopment of the animal. 

As regards imestLgations on the hunger mechanism, little or no woHk 
of importance has been found on representatives from the following 
phyla — namely, Porifera, Ecliinodermata and Annulata. 

Hunger in Plants 

The general biological conception of hunger is probably as applicable 
to the lowest, or unicellular, plants, as to the unicellular animals. There 
are numerous studies on the chemotactic and general tropic behavior of 
the lower plants (JSC, 113, 1 15, 212), but an examination of the literature 
reveals nothing as ha\ ing any direct bearing on this subject. Kniep (113) 
belie\es that bacteria are endowed with the senses of taste and smell and 
he has shown that they respond to certain chemical stimuli which are 
dependent upon the reaction of the culture medium. However, no at- 
tempt was made to determine the effect of the quantity and nature of the 
food in the culture medium on the response of these bacteria. Neither 
did Kendall and his students (110) in their extensive studies on the 
metabolism of bacteria consider the effect of starvation on their behavior. 

It is probable that the swarm cells of spore-bearing plants feed by 
phagocytosis in the same manner as the unicellular animals and that the 
factor of hunger similarly urges both the plant and animal organism to 
the ingestion of food. According to Lister (130) the swarm cells of 
mycetozoa are quiescent for an hour or more after the ingestion of micro- 
spores and bacteria. Most plant organisms, however, feed primarily on the 
inorganic material in the soil and on the carbon dioxide of the air, but a 
few, like certain of the bacteria, the swarm cells of the sporophytes, the 
parasitic plants, and to a certain extent the so-called carnivorous plants, 
demand organic material. 

Blanchan (10) states that “the animalcule and the insectivorous plant 
know no boundaries between the animal and the vegetable/ 5 In other 
words, animated plants and vegetating animals may be said to parallel 
each other. In the pitcher-plant the petiole is modified into a deep hollow 
pitcher while a modification of the blade of the leaf forms its spout. The 
pitchers are usually half filled with fluid consisting of water and secreted 
juice. A sweet secretion within the pitcher’s rim invites flies and other 



66 


ANNALS NEW YORK ACADEMY OF SCIENCES 


small insects to enter ; on the Pacific Coast the golden jars of Darlingtonia 
californica , with their overarching hoods, are often so large and watery 
as to drown small birds and field mice. The victims soon find their escape 
cut off, become exhausted and sink into a watery grave. The organic prod- 
ucts of their bodies’ decay are then absorbed by the plant as nourishment' 
in the form of soup. The sundew is another characteristic plant of the 
carnivorous group which actually masticate their animal food, thus de- 
pending upon it to meet their nutritional requirements. A small fly or 
gnat alights on one of the reddish dew-covered leaves only to find that the 
clear drops instantly glue its feet. The reddish leaf hairs, acting like ten- 
tacles, imprison the struggling victim as the sensitive hairs are excited. 
As more of the sticky fluid is excreted it covers the legs, wings and the 
tracheal pores on the body, through which the insect breathes. The 
curved leaf rolls inward, thus forming a temporary stomach, while the 
hairs bind and the glue suffocates the victim. The food is now digested 
by a freshly secreted peptic fluid of a complex nature, the chemical analysis 
of which shows that it is practically identical with the gastric juice of the 
human stomach. Darwin fed these leaves with various substances and 
found that they were able to digest pollen, seeds, grass, etc., whereas bits 
of undesirable substances, like chalk or wood, were rejected. lie also 
poisoned these plants with acids, and gave them fatal attacks of indiges- 
tion by overfeeding them with bits of raw beef. This is an instance of a 
remarkable degree of specialization and adaptation, for in certain plants, 
like the above, which grow in peat bogs whose soil is deficient in nitrogen 
compounds, there is an interference with the normal protein formation 
and they then come to depend moTe or less on a carnivorous diet. This 
would indicate that there actually existed in this plant a condition of 
protein hunger which in a way might bo considered more or loss compar- 
able to the salt hunger in animals that have been known to travel great 
distances in search of salt “licks* \ In the feeding processes of higher 
plants, motility, apart from growth, plays only a minor role for there is 
no visible evidence that starvation increases excitability and motility as in 
the lower plant organisms, which is probably necessary in order to induce 
a biological state of hunger. 

Hunger in the Higher Animals 

The complex sensation that urges man and the higher animals to the 
ingestion of food is called hunger and appetite. These two sensations are 
very intimately interrelated and a clear understanding of these two terms 
is necessary before proceeding. According to one view, appetite is the first 



PATTERSON, GASTRIC HUNGER MECH 1A ISM 


67 


degree of hunger. It is associated with a desire to eat and is mild, pleasant 
and agreeable in character. Hunger, on the contrary, which is the result 
of not satisfying appetite, is a more advanced condition, disagreeable, un- 
pleasant and even painful. Prom this viewpoint appetite and hunger 
would differ only quantitatively. 

The more acceptable view holds that appetite is related to previous sen- 
sations of taste, smell and appearance of food. There are important 
psychical elements concerned in its composition. Thus, through associ- 
ated memory and experience one is able to anticipate the odor and taste 
of a delicious beefsteak, sensations ^which are followed by the character- 
istic reflex salivary watering of the mouth. Hence, appetite and hunger 
are widely different sensations, both as to physiological basis, localization 
and psychical elements. What guest at the banquet table is still hungry 
when the tempting dessert is served ; and yet, who refuses it on the plea 
that he no longer needs it ? Therefore, hunger may be satisfied while the 
appetite calls, and vice versa. 

Hunger, as experienced by man, is a more or less uncomfortable feeling 
of tension or pressure — of the nature of a dull ache — referred to the region 
of the stomach or epigastrium. This is usually the organism’s first de- 
mand for food, and if it is not obeyed, the sensation ordinarily grows into 
a highly uncomfortable pang or gnawing feeling of “emptiness ” The 
cry of the new-born child for food is, in all probability, the result of this 
pure hunger pang plus the inherited “desire for food,” while the quieting 
effect of feeding is due to its abolition. It is a sensation exhibiting varying 
degrees of pain and is the one indispensable element in hunger. It is often 
accompanied by accessory phenomena the most common of which is a feel- 
ing of general lassitude or weakness. Headache, nausea, nervous irrita- 
tabiliiy, vasomotor instability, and even fainting, may appear as part of 
the hunger complex. 

The genesis of the hunger pangs may be found in certain contractions 
and toims states in the stomach, the afferent nervous impulses thus ini- 
tiated affecting certain parts of the brain. Therefore, the hunger mecha- 
nism in man requires a nervous system, a muscular digestive tube, and 
afferent and efferent pathways connecting the two. Such anatomical con- 
ditions arc common to all vertebrates and to the various invertebrate 
groups down to and including the coelenterates. 

Another characteristic factor in the hunger urge as it exists in man and 
the higher animals is its periodicity or intermittency. This is true until 
we reach the amphibian group of animals in which the gastric hunger 
activity becomes continuous. There are also other animals like the turtle 
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which exhibit a modified periodicity. The details bearing on such varia- 
tions in the hunger motility of the stomachs of these animals will be dis- 
cussed in the following sections of this paper. In general, the influence 
of the hunger state on the behavior is essentially the same in each of them. 
There is increased nervous excitability and restlessness, but the restless- 
ness is probably not primarily the result of the consciousness of the hunger 
feeling, since it is in evidence in dogs and birds that have been decere- 
brated. In starving animals, strong hunger apparently inhibits fear 
since they become more bold and ferocious ; in man, similar hunger states 
tend to produce a contentious and unsocial disposition. 

The empty or nearly empty stomach is a requisite for the onset of the 
hunger sensation in man and probably in the carnivorous animals. How- 
ever, this is not the case in the ruminating animals and in the herbivora 
in general, the stomachs of these animals not being empty even after days 
of starvation. The feeding in birds is also more or less continuous, even 
when the crop or gizzard is filled with considerable food. These animals 
either do not feel hunger on a partially filled stomach, or else they oat 
because of appetite in the absence of the hunger urge. 

Theie is considerable experimental evidence that the intensity or per- 
sistence of the hunger urge parallels the degree of activity and the rate 
of metabolism in the normal animal. Therefore, hunger is more intensi- 
fied in the young and growing than in the aged and inactive animal. In 
warm-blooded animals hunger is augmented by external cold and de- 
pressed by external heat, whereas just the reverse is true in the cold- 
blooded animals (frog). 

The Theories oe Hunger 

The theories advanced to explain the genesis of hunger and appetite 
may be said to fall into three main groups, namely : 1 . Those of a peripheral 
origin, involving the stimulation of sensory nerves chiefly in the digestive 
tract. 2. Those of a central origin , involving a direct stimulation of a 
hypothetical “hunger center” in the brain by the blood or by changes in 
the metabolism in the center itself. 3. Those of a general sensation, in- 
volving a combination of both central and general peripheral factors of 
hunger. For a detailed account of the ancient and modern theories of 
hunger the reader is referred to the extensive studies by Cannon (86) and 
Carlson (47) of man. The generally accepted modern theory of the cause 
of hunger is the stimulation of sensory nerves in the wall of the stomach 
(muscularis or submucosa), especially in the fundus and cardiac regions, 
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by contraction of the empty or partly empty stomach. This view will 
form the basis of the discussion in the following sections of this paper in 
connection with the results obtained from representatives of the various 
animal groups investigated. 

Methods of Experimentation 

Several methods may be employed for studying the tonus and contrac- 
tions of the empty stomach, both m man and experimental animals, 
namely: (1) direct inspection by means of a permanent opening or 
gastric fistula into the stomach through the abdominal wall; (2) the in- 
troduction of a delicate rubber balloon into the stomach, either via the 
esophagus or through a gastric fistula, and recording the variations in 
pressure on the distended balloon, caused by the contractions of the 
stomach; (3) the introduction into the stomach of a double walled rubber 
balloon with a layer of bismuth paste between. This permits graphic 
registration of the stomach movements synchronously with X-ray photo- 
graphy or inspection by means of the fluoroscope. In the various animals 
used in this investigation all throe methods have been employed. The 
necessary alterations in technique in order to meet the anatomical pecu- 
liarities of the animals studied will be discussed under the sectional heads. 

COMPARATIVE PHYSIOLOGY OP GASTRIC MOTILITY IN 
VERTEBRATE AND INVERTEBRATE ANIMALS 

There is practically nothing in the literature on the movements of the 
intact empty stomach of any of the invertebrates. About fifteen years ago 
the author began a series of comparative studies on the movements of the 
empty and filled stomach of some of the lower vertebrate animals with the 
intention of extending the studies to certain of the invertebrate forms. 
Much information of theoretical interest can be obtained from compara- 
tive studies of the gastro-nouro-muscular mechanism. In brief, the in- 
terest of the digestive mechanism of lower forms of animals lies in the 
fact that digestive problems similar to those confronted by higher forms 
have been solved in different ways, and these are an important aid in 
helping to unravel problems of such complexity as those which exist in 
the primate forms of life (man, monkey, etc.). 

As yet, there are insufficient data to show the differences and similari- 
ties between the types of gastric activity as represented in the various 
animal groups, and this is notably true in the case of the invertebrates. 
The paucity of data in this respect may be appreciated readily by exam- 
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NOTE / 1* Animals studied by author, In Roman tvpe. 

I 2. Animals studied by other investigators, in bold face. 



Classification of Vertebrate An als Studied 



X 
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ining the works of Cannon (04) and Carlson (47) on the behavior and 
control of the gastro-intestinal tract. 

The animals of these two great divisions (Vertebrata and Invertebrata) 
so far studied ha\ e been classified on the following pages. 2 The Homan type 
on the charts (pp. 70-7 1 ) indicates animals studied by the author; bold- 
face type, animals studied by other investigators. It will be observed 
further, that all classes (Mammalia, Aves, Roptilia, Amphibia, Pisces and 
Cyclostomes) of the vertebrata of the phylum Chordata have one or more 
representatives that have furnished observational material for this in- 
vestigation. Studies on the phyla of the Invertebrata are incomplete 
at this writing, only two of the higher phyla of this group having been 
studied, namely, the Mollusca and the Arthropoda. One or more repre- 
sentatives from each of the three classes of the Mollusca, namely, Pele- 
c}*poda, Amphineura and Gastropoda, have been selected as being suitable 
types for making gastric studies and also a single representative from the 
class of the Crustacea of the Arthropoda phylum. The gastric activity 
of the different animal representatives studied will now be considered in- 
dividually and more or less briefly under the headings of the Vertebrata 
and the Invertebrata, respectively. 

TYPES OP INVERTEBRATA STUDIED 
Arthropoda 
Crustacea 

Crab (Cancer product us) 

The question of the rhythmical spontaneous movements of different 
parts of the alimentary canal of vertebrates now occupies an extended 
literature, but only a few parallel observations on the organ in a state 
of repletion have been made on the invertebrates. Ten Cute (2‘JJ, 220) 
has contributed work on the isolated terminal intestine of Asfacw s\ the 
European fresh water crab (crayfish) and the esophagus of a diving 
beetle, Dytiscus marginalia. The isolated specimens were suspended in 
aerated Ringer’s solution and attached to a lover for the purpose of record- 
ing the spontaneous movements. These experiments demonstrated that the 
isolated terminal intestine of the crayfish, as well as the isolated esophagus 
of the diving beetle, can exhibit under favorable circumstances automatic 

3 The illustrative material including the diagrams and charts presented in this paper 
together with certain animal specimens formed a scientific exhibit before the American 
Medical Association, meeting in Annual Session at Detroit, Michigan, June 23-27, 1030. 
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movements which possess a more or less rhythmical character and show at 
times feeble fluctuations of tonus. Furthermore, the esophogeal prepara- 
tion of the diving beetle manifests for a long time automatic movements 
which exhibit a rhythmical character and are superimposed on the oscilla- 
tions of tonus. These automatic movements are influenced by drugs which 
provoke changes in the tonus as well as in the amplitude and the frequency 
of the pendular movements. Carlson (4$) has also reported that the al- 
kaloids, curare, atropine, and nicotine, stimulate and paralyze the central 
nervous system, peripheral (visceral) ganglia, and the denervated heart 
in mollusks and arthropods. However, these substances do not paralyze 
the motor nerve endings to the skeletal or the visceral muscle but they do 
paralyze the cardio-inhibitory nerves without affecting the cardio-accelera- 
tor fibers. 

Hardy and MeDougall (90) working on small fresh water crustaceans, 
Daphnies , have described rhythmical peristaltic movements in the intes- 
tine which starts from the anal region and propagate themselves up to the 
small intestine. They are of the opinion that these rhythmical movements 
are produced independently of the central nervous system. They have also 
observed these movements on the isolated intestine. 

In the work on the visceral nervous system of decapod Crustacea, Bot- 
tazzi (19) has reported rythmical movements in the terminal section of 
the intestine of the sea crawfishes, Palin writs and Mwja. According to 
this investigator the alimentary canal of these Crustacea possesses inde- 
pendent motor rhythm which is probably of myogenic nature. Alexan- 
drowicz (5) in a study of the sympathetic nervous system of Crustacea, 
using the isolated intestine of As tarns from the masticating stomach to 
the anal orifice, found that when this was placed in an oxygenated Ringer’s 
solution the rhythmical contractions would continue for thirty-six hours. 
This author came to the conclusion, contrary to the opinion of Bottazzi 
(19), that these rhythmical movements of the intestine were of neurogenic 
origin. 

The studies of Miller (147) on the crayfish, ('ambants, and on the 
lobster, Honiara#, indicate that the intestinal musculature of the anal 
region, in the absence of a true sphincter muscle, consists of arched and 
radial fibers supplied by nerves issuing from the last abdominal ganglion. 
Electrical and mechanical stimulation of the nerve cord or of the intesti- 
nal nerves evoke peristalsis in the intestine, and rhythmical opening and 
closing movements of the anus. It is thought that the coordination exist- 
ing between peristalsis and anal opening is effected through a local nervous 
mechanism. 
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Fig 1 — Ventral aspect 
ot crab, sbowlnt? introduc- 
tion of balloon via month. 


T11E MOVEMENTS OF THE EMPTY STOMACH AND TTlEIIt INHIBITION 

The literature cited gives a comprehensive review of the work pub- 
lished on the activity of the gastrointestinal tract of Crustacea when in a 
state of repletion, but practically no such observations lia\e been made on 
this group of animals during the period of fasting. 

Comparative studies in the physiology of the gastric hunger mechanism 
(180, 181) have been extended to the Crustacea. The large crab ( Cancer 
produtius) of the Pacific Coast was employed and the investigation was 
conducted at the new Jacques Loeb Laboratory o£ the Hopkins Marine 
Station of Stanford University. During the experimentation the animals 
were kept in a large vivarium provided with running sea water which was 
aerated. The stomach balloon for recording the gastric movements was 
introduced through the mouth (Pig. 1) by pushing back the valvular fold 
covering the opening into the esophagus at the base of the mandibles after 
the chelae had been wedged (Fig. 2). Later it was found advisable to 
amputate the eudognathal palps arising from the meropodiios of the third 
pair of maxillipeds, since the animal ordinarily learns to nse these ap- 
pendages to advantage in working the balloon out of the stomach. The 
contractions of the gastric mill are periodic, the periods increasing in 
activity and length until in extreme fasting they become almost continuous 
on an elevated tonus (Fig. 3 A, C and D). 

The gastric activity is somewhat similar to that found in the pigeon 
and the active periods range from five to twenty minutes depending on the 
length of the fast. However, the stomach of the crab may sometimes ex- 
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hibit continuous activity for several hours (Fig. 3 B) but eventually 
periodicity develops. Sudden inflation of the balloon with air, or increas- 
ing the balloon pressure, causes one or more strong contractions. In the 
earlier stages of fasting there is a marked increase in the gastric tonus 
during the period of activity which terminates in a fall. The individual 



contractions of the gastric mill are rapid, with practically no intervening 
periods of rest, while the small and rapid oscillations seen in the curves 
are caused by the action of the balers. These are the terminal appendages 
of the exopodites of the various pairs of mouth parts by whose vibratory 
motion water is kept flowing over the gills. The introduction of small 
quantities of weak alkali or acid into the water near the animal, as well 
as body movements, produced temporary inhibition of the gastric con- 
tractions (Fig. 4 F and G). Furthermore, when the animal was in a 
darkened room and normal hunger contractions were being recorded, if 
the window shade directly opposite was drawn back and forth quietly and 
at a moderate rate, thus casting light and dark shadows upon the animal, 
it resulted in producing a temporary inhibition of the gastric contrac- 
tions (Fig. 4 E). 

THE INFLUENCE OF SECTION OF THE EXTERNAL GASTUIO MUSCLES AND 
THE OlttCUM-ESOPlIAGEAL COMMISSUBES 

In order to ascertain if the external gastric muscles attached to the in- 
terior surface of the carapace were exerting an effect on the movements 
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of the stomach as registered by the balloon method, the anterior pair of 
gastric muscles were cut. The necessary procedure consisted in drilling 
an opening (three-sixteenths of an inch in width by one-half of an inch in 
length) through the dorsal carapace in the mid-line about one-half inch 
from the anterior, superior edge of the shell. Following this exposure, 
the muscles were cut and the opening in the shell was sealed with plastine 
to prevent bleeding or the entrance of water. Such experiments were 
without any effect whatsoe\er on the gastric motility (Fig. t (1 and D). 
Furthermore, the stomach was completely isolated from the cerebral gan- 
glion (brain) by section of the circum-esophageal commissures. This was 
accomplished by drilling a small opening one-sixteenth of an inch by one- 
eighth of an inch through the ventral carapace in the mid-line on a level 
with the basal segment of the endognathal palps of the third pair of 
maxillipeds. Small curved forceps were used to sever the cerebral com- 
missures and the opening in the shell was scaled with plastine as in the 
ease of section of the anterior gastric muscles. Negative results were 
again obtained, thus demonstrating that the motility of the stomach of 
this animal is independent of the higher nervous center (Fig. 4 A and 11). 



Fig. 3. — A, normal peristalsis, empty stomach of crab (periodic) after a fast of 72 
hours. B, continuous hunger activity after a fast of 853 hours, as exhibited in some ani- 
mals over a period of several hours. C, periodic hunger contractions on an elevated 
tonus after a fast of 379 hours. D, same after section of circum-esophageal commissures, 
isolating stomach from central nervous system after a fast of 430% hours. T, time 
intervals in seconds. 
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It is surprising to note that the tonus and periodic activity of the empty 
stomach of the crab is more closely related to the gastric hunger activity 
of the higher vertebrate animals than that exhibited by the stomachs in 
the forms of molluscs studied. The dose similarity existing between the 
functional activity of the stomach of the crustacean and that of the higher 
vertebrates would seem to indicate that in the evolutionary development 
of the stomach, the crab for some unknown reason had stolen a march 
over the members of the molluscan group. 



% 

Fio. 4. — A, peristalsis of period of hunger activity after a fast of 412 hours. B, same 
animal following section of cireum esophageal commissure^ after a faBt of 427 hours, 
showing complete Independence of stomach from central nervous system. C, normal 
hunger peristalsis after a fast of 200 hours, P, same animal following complete section 
of anterior gastric muscles after a fast of 200 hours with practically no effect. E, normal 
hunger peristalsis after a fast of 08 hours, showing reflex Inhibition from light at x and x\ 
I<\ alkali inhibition from Introduction of 10 ce., 1 per cent, sodium carbonate solution, 
at x, directly In front of animal, after a faRt of 411 hours. G, acid inhibition from 
Introduction of 10 cc., 0.5 per cent, hydrochloric acid, at x, directly In front of animal, 
after a fast of 411 hours. 

Mollusoa 

Peleoypoda 

Gapee Clam (Schizothaerus nuttallii) 

A structure known as the crystalline style appears in a great many mol- 
luscs and has attracted the attention of several investigators over the past 
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years. There has constantly been a question raised as to its exact func- 
tion. This question has probably been only partially answered, regardless 
of the fact that many workers have attempted to solve it. That it is 
responsible in some way for motion of matter in the stomach has been 
contended by many but usually these contentions have not been based on 
facts. 

Nelson (155), in his article on the origin, nature, and function of the 
crystalline style of lamellibranchs, cites the beliefs of certain of the older 
investigators as to the function of the style as a stirring rod. This in- 
vestigator has observed the rotation of the style in Modiolus modiolus , the 
ribbed mussel, and in Venus mercenaria , the hard clam. He came to the 
conclusion that the rotary movement of the style is of great importance in 
separating the food from foreign particles and in serving as a substitute 
for peristalsis. He was also able actually to observe the stylo rotating in 
the stomach, and actually to see food material being separated from sand 
grains. However, I am unable to find any statement in his article which 
indicates that he had any just reason for supposing that the action of the 
style was a substitute for gastric peristalsis. 

Edmondson (7.4) found that after the extraction of the crystalline style 
of My a wrenaiia, a new style is completely reformed in the proximal por- 
tion of the style sac in a period of about seventy-four days, when condi- 
tions are most favorable. At the end of the fourth day after extraction of 
the style, the beginning of a new style may be observed in the style sac. 
He agrees with Nelson (155) that the style rotates in a clockwise fashion 
and takes the place of intestinal peristalsis. 

Rogers (199) has summed up the situation in the statement that “a 
variety of functions has been assigned to the crystalline style. It has 
been referred to as an organ of support; as an organ in association with 
the gastric shield, for mastication; as a stirring rod for the stomach 
contents during digestion; as an aid to absorption either by pressing the 
alimentary matter against the absorbing epithelium or by acting as a 
plug to prevent too large particles from entering the intestine and to 
prevent too rapid movement of alimentary particles; as a reserve of 
nutriment; as a source of nutriment to useful parasites; as associaied in 
some way with processes of reproduction; as a means of transporting 
nutriment; as a means of protecting delicate epithelia from abrasion by 
sand grains, etc. ; as a mass of enzymes or enzymes and mucus.” 

The digestive system of Schizothcerus nuttallii used in this investiga- 
tion is, in the main, typical of the Lamellibranchiata, according to Mac- 
Ginitie (129) who has worked upon the species to a considerable extent. 
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The transverse connections of the dorsal and ventral palps form the upper 
and lower lips, respectively, of the mouth. There is practically no esoph- 
agus, but a relatively large stomach lying just beneath the fused mantle 
edges in the antero-dorsal portion of the animal. 

The crystalline style is located in a style sac which is entirely removed 
from any connection with the intestine, contrary to the condition found in 
most clams. The style itself is very large and extends from its sac (the 
lumen of which it fills almost entirely when complete in size) into the 
stomach, coming in contact with the opposite wall of the latter organ. The 
anterior end of the style is very soft, the posterior end tapering and 
slightly firmer, and the major portion of a particularly firm, gelatinous 
structure. 

The anterior end of the crystalline style works against a so-called gastric 
shield. The latter structure is made up of chitin and is so arranged that 
it seems to protect the walls of the stomach from sudden forcible protru- 
sions of the style against the wall. Jt has lateral processes which probably 
serve the function of keeping the anterior end of the style within a small 
area and guiding it while it rotates within that space. 

TIIE MOVEMENTS OF TIIE EMPTY STOMACH 

The gelatinous material of which the style is composed is laid down in 
a spiral direction indicating that it was so produced by the rotating action 
of the style itself. That this rotation is brought about by cilia in the walls 
of the style sac is the opinion of most investigators who have worked on 
the problem. The intestine iR long and greatly coiled. 

During the summer of 19&8 at the Hopkins Marine Station of Stanford 
University, Patterson and Boone (f 83) were able to secure a fairly large 
number of gaper clams, Schizothcerus nuitallii. These clams were col- 



Fig. 5. — The gaper clam 'with neck extended, the adult animal measuring In this state 
30 Inches in length. 
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lected at low tide in an interesting region known as Elkhom Slough (188 ) . 
The slough is situated about two miles north of the mouth of the Salinas 
River in Monterey Bay. When these animals are undisturbed and buried 
in the mud flats with necks extended so that the apertures of their siphons 
reach the surface, they may be seen on a quiet, clear day alternatingly 
spouting jets of water to a height of five or six feet. The clams were trans- 
ported to the laboratory, some eighteen miles distant, immediately on 
being dug, and were kept alive in an aquarium aerated by running sea 
water. 

This marine animal is characterized by its long, large siphon, and by 
the gaping of its valves around the base of the siphon. From this latter 
characteristic it gets its common name, gaper clam. This is a very large 
clam, the shell at times attaining a length, antero-posteriorly, of eight 
or nine inches. When the neck is fully extended in the adult form it 
measures about thirty inches (Fig. 5). Because of the large size of the 
animal, the feasibility of introducing a balloon into the stomach, and not- 
ing the gastric movements, presented itself. The animal was anesthetized 
with a solution of one per cent, ether in sea-water, to relax the muscles. 
Usually a satisfactory anesthetization occupied the greater part of an hour. 
At the end of this time the valves of the shell were drawn apart from 
one-half of an inch to one inch, caused, doubtless, by the relaxation of 
the adductor muscle. The foot was usually extended from the shell, 
sometimes to the extent of three inches or more. The foot was not in- 
active, but it could be drawn out of the shell by the experimenter at 
will. After the animal was anesthetized, the balloon was introduced 
through the inhalent siphon, passed through the mantle cavity into the 
mouth and thence into the stomach (Fig. 6). The balloon was then con- 
nected by rubber tubing to the recording apparatus and the animal placed 
in a large vivarium provided with Tunning water. 

A Her recording the contractions by this method for some time, it was 
found that high peaks appeared in the curve of muscular contractions. 
On stimulation of the foot or mantles with a glass rod these contractions 
were recorded by the balloon in the stomach. It was thought, therefore, 
that some or all of the contractions recorded by ihe balloon might be 
caused by the action of the foot or mantle. A check control of this was 
made by attaching to tlie anterior edge of the foot a silk thread which 
passed over pulleys and thence to a light recording lever. This lever was 
adjnsted to write the muscular contractions of the foot directly above the 
record of gastric contractions so that some comparison might bo made 
between simultaneous actions of the foot and stomach. 
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THE INFLUENCE OF REMOVAL OF THE CRYSTALLINE STYLE ON GASTRIC 

MOTILITY 

After recording the action of the stomach and of the foot it was de- 
cided to extract the crystalline style and record the action of the same 
two organs in the absence of the style, to determine what effect, if any, 
the style might have on gastric activity (Fig. 7). The animal was 
anesthetized as before and a small incision was made in the distal portion 
of the style sac with a pair of sharp-pointed scissors. The style was re- 
moved by means of a pair of blunt-pointed forceps. The style sac ex- 
tended well into the foot so that its distal end may be readily seen as a 
small clear space at the posterior portion of the ventral margin of the 
foot. After removal of the style the incision was allowed to remain open, 
no suture apparently being necessary. Examination of the edges of the 
cut after two days showed that it had apparently healed. 



Fig. 0 . — The clam prepared for 
ga&tric registration, ventral as- 
pect. showing the balloon tube en- 
tering the inhalent siphon and 
passing through the mantle cav- 
ity to the month. The light por- 
tion lying below the tube in the 
mantle cavity, and seen through 
the opening in the shell, is the 
foot. 


In some of the animals studied a portion of the stomach wall was re- 
moved and immersed in a small amount of sea water. By sprinkling 
small grains of carmine in the water and observing with a dissecting 
microscope, ciliary action could be observed in the walls of the stomach. 
This is in accordance with the views of other writers on the subject ( 155 ) 
and it is also likely that the action of those cilia in the intact organ may 
set up definite fluid currents which may bo an important aid to the 
processes of digestion and absorption in the (*lam. This idea is in agree- 
ment with the works of Irving ( 07 ), on the important activities of the 
starfish, concerning the distribution of food substance and the mainte- 
nance of tension in the pyloric caeca whore the cilia serve the usual 
functions of muscular systems in other animals of correspondingly com- 
plex organization. 

The results of this investigation give evidence of several rather interest- 
ing facts. In the first place, the technique developed seemed to be ade- 
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quate for the study of gastric movements in this clam. Simultaneous 
recording of the contractions of the foot was also possible with this 
method. As the foot contracted the movement was recorded on both the 
curve indicating stomach contractions and on the one indicating foot 
motion, but in the absence of foot movements the gastric contractions 
continued (Fig. 8 A and C). On an average, the stomach contractions 
occurred at the rate of one per minute, regardless of the presence or 
absence of the crystalline style, and the tonal changes were extremely 
slight. 



Fig. 7. — The clam with 
neck contracted. The crys- 
talline style has been re- 
moved and is shown below. 



Studies made on the peristaltic activity of the stomach of the gaper 
clam by the balloon method, before and after surgical removal of the 
crystalline style, demonstrate unequivocally that the rotation of the style 
is not a substitute for gastric peristalsis (Fig. 8 A, B, 0 and D). This is 
contrary to the views of Nelson (155), Edmonson (7-4) and others who 
maintain that the style, among other things, functions in this way. The 
gastric contractions after removal of the style are practically identical 
with those obtained when it is intact, and in many animals they even 
become more vigorous in its absence. These contractions are continuous 
both in the presence and in the absence of the stjle and they show a 
definite relationship to the gastric activity observed in various gastropods 
which possess no crystalline style, namely: Haliotis rufescens (Abalone) ; 
Ariolimaa' calif omicus (Giant sing) ; and Tethys calif ornica (Sea hare). 
The contractions are not the result of muscular movements of the foot, 
since they continue, uninterrupted, when the foot is quiescent. This is 
determined graphically by simultaneous records taken from the stomach 
and the foot (Fig. 8). Therefore, the musculature of the stomach of 
this animal produces the gastric contractions which places it in the same 
physiological category as the stomachs of other vertebrate and invertebrate 
animals studied. 
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Pig. 8 — A, normal peristalsis, empty stomach of gaper clam, with a simultaneous 
record of ihe foot conti notions, above, after a fast of 27 hours. B, same animal after 
surgical removal of the crystalline style and a fast of 4G hours C, normal peristalsis, 
empty stomach of gaper clam, with a simultaneous record of the food contractions, above, 
after a fast of 144 horns. I>, same animal after surgical removal of the crystalline style 
and a fast of HU hours. Note independence of gastric activity. St, stomach, P, foot 


AMVTriNTSORA 

Chiton' ( Cryptochiton stelleri) 

Little work haR been done on this hpecies and the chief studies, like 
those of Heath (01) on the excretory and circulatory systems, have been 
of an anatomical nature. Cryptochiton stelleri is the largest of the 
marine chitons and a most difficult form on which to work (175, 176). 
It is a vegetarian, characterized by its submerged chitonous plates, and 
the adult form in its antero-posterior plane measures from ten to twelve 
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inches. The gastrointestinal tube in this animal consists of a mouth, 
buccal ea\ity, esophagus, a large, thin-walled stomach, and a long intes- 
tine, the total length of which measures from five to six feet in the adult. 
Since a gastric fistula was impracticable in this animal, it became necessary 
to use a glass stomato-gastric tube, covered with rubber tubing, on the 
end of which the recording balloon was attached (Pig. 9 B). This 
special tube was bent so as to fit into the mouth, the short esophagus, and 
then iuto the ca\ity of the thin-walled stomach (Pig. 9 A). It was 
necessary to anesthetize the animal in a solution of two per cent, ether 
in sea water, m a darkened chamber, in order to produce relaxation of the 
muscles so the balloon with its special tube could be introduced into the 
stomach for graphic registration of the gastric movements. The animal, 
in the anesthetized condition, was then placed on an oval stone in a large 
vivarium provided with running sea water. If this procedure is not 
strictly followed the animal will ‘‘roll-up” into a hard mass and will re- 
sist further experimentation possibly for fifteen to twenty hours. Further- 
more, if the air is let out of the stomach balloon and it is then reinflated, 
or if the balloon’s pressure is only slightly and very carefully increased, 
it will cause the animal to “roll-up.” 

According to Arey and Crozier (7) this “rolling-up” reaction in chiton 
has a purposeful aspect but the natural history of tlie animal yields no 
evidence that this response is ever used. These authors are of the opinion 
that it is the outcome of the greatest maximal contraction on the part of 
the chiton to produce suction, and that it is neither protective nor of the 
nature of a reflex. Such reactions may be produced by light ((U) acting 
on the sensitve \entral portion of the animal if the photic stimuli are 
repeated. Whatever may be the proper explanation for this reaction, it 
is most essential that the tactile irritation be reduced to the lowest possi- 
ble level and this can be produced best by carrying out the anesthetization 
in a darkened chamber. 

TITK MOVEMENTS OF TITE EMPTY STOMACH 

The gastric contractions as observed in this animal were continuous 
with only a very slight indication of an altered periodicity (Fig. 10 A). 
They appeared to be analogous with the twenty-second rhythm in mau. 
Furthermore, the stomach, when partially filled with food, exhibited the 
same type of activity. The gastric hunger activity may be inhibited by 
mechanical or chemical stimulation of the sensory surfaces of the animal, 
such as touching the dorsal or ventral edges of the mantle with a glass 
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seeker or by the introduction of a one per cent, solution of sodium car- 
bonate into the water near the edge of the mantle (Fig. 10 B, t\ D and E) . 
Movements of the animal will also cause inhibition. 



Fig. 0. — A, ventral as- 
pect, gastro-inteBtinal tract 
of Cn/ptochiton steUeri 
(5% feet in length In 
adult). M, mouth. BC, 
buccal cavity. St, large, 
thin- walled stomach. I, in- 
testine. R, rectum. A, 
anus. Ma, mantle. B, spe- 
cial rubber balloon. GSOT, 
glass stomato-gastric tube 
inside rubber, to fit into 
mouth and short esophagus. 
ItT, rubber tube connecting 
with water manometer. 


Abalonk ( llaliotis rufescens) 

Jn addition to the morphological studies on the European Ilaliotidse, 
Laeazo-Duthierw ( tl(>) worked on two species of large gastropods, Ilalioiis 
lamellom , found on the coast of the Mediterranean, and Ilaliotis tuber - 
culata , found on the coast of Brittany, a province of Western France 
bordering on the English channel and the Atlantic Ocean. This investi- 
gator made a study of the nervous systems of those two forms and 
directed attention to the stomato-gastric nervous system which alone is 
destined to supply the vital activity to the gastro-intestinal canal. The 
ganglionic centers of this stomato-gastric nervous system are situated in 
the Ilaliotidco as in other gastropods under the first portion of the diges- 
tive tube, the latter occupying a dorsal position. 
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Fig 10. — Gastric contractions of the stomach of Crypto<Jiiton atcllcrt. A, normal 
peristalsis, empty stomach of Cryptoolilton after a fast of 20 days. B, temporary in- 
hibition from slight stimulation of dorsal edge of mantle O, same with longer continued 
stimulation D, same from stimulation of ventral edge of mantle. TO, complete inhibition 
from introduction of 3 oc. t 1 per cent, bochum cailxmate solution ou edge of mantle, an- 
terior portion. T, time inteivals in seconds. S, signal. 

The work on Ualiotis rufescens (175, 176), as in the ease of other 
marine forms studied by the writer, and herein described, was conducted 
at the marine station of Stanford University nt Pacific Grove, California, 
on Monterey Bay. 

TUB MOVEMENTS OP THE EMPTY STOMACH 

This particular species is the popular edible, univalved shell-fish of the 
Pacific Coast (Pig. 11). Californians will travel afar for a portion of 
Abalone steak or chowder. The adult of this species may attain a length 
of eight to nine inches and is a most suitable animal for studies ou 
gastric motility. The technical procedure consisted of raising the anterior 
portion of the shell when the foot was firmly attached, thus putting the 
tissues on the stretch and exposing the esophagus beneath. An esophageal 
fistula was then made about five centimeters posterior to the mouth by 
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making a small transverse incision laterally with scissors through the 
exposed wall of the esophagus. The balloon was introduced through this 
opening and pushed into the stomach, and the rubber tube for the mano- 
meter then carried through one of the fissures in the shell (Figs. 11 and 
12). The contractions always started in twelve to fifteen minutes follow- 
ing this procedure and were continuous at the rate of about four per 
minute. These contractions occupied a period of about ten seconds for 
their completion and were followed by a rest period averaging about five 
seconds. However, a certain type of altered periodicity was noted, as 
indicated by periods of marked activity separated by periods of strong 
hunger contractions; the individual contractions in the latter case had 
comparatively long intervals of rest of about eighty seconds between them, 
but the contractions, although of somewhat greater amplitude, were of 
normal duration. The periods of altered activity usually lasted from 
twenty-five to thirty minutes (Fig. 13 B) . In starvation, the gastric con- 
tractions progress i a el j increased in strength until after about two weeks, 
when they approached the form of incomplete tetanus (Fig. 13 C). The 
gastric activity, therefore, increases in vigor in proportion to the duration 
of the fast, as is shown by a comparison of the normal digestive peristalsis 
(Fig. 13 A) with that of the fasted stomach (Fig. 13 B and C). 

TITE INHIBITION OF THE GASTRIC MOVEMENTS 

The introduction of sea-water, fresh tap water, one per cent, sodium car- 
bonate, or 0.5 per cent, hydrochloric acid, directly into the stomach, pro- 
duced inhibition in \arying degrees, the intensity being indicated in the 
order of tho respective substances as given (Fig. 14 A, B, C and D). It 
was the least in the case of sea water and the greatest with the acid. In 
fact, both mechanical and chemical stimuli, when applied to the sensory 
surfaces of this animal, as the mantle, epipodia, sense palps, etc., invari- 
ably produced temporary inhibition of the gastric hunger movements; but 
its duration did not usually exceed greatly the duration of the actual 
stimulation unless it was severe. Movements of the animal also tended to 
inhibit the contractions of the empty stomach (Fig. 13 D). 

In respect to chemical stimuli, it is interesting to note the protective 
mechanism of the animal. When small quantities of a one per cent, solu- 
tion of sodium carbonate or a 0.5 per cent, solution of hydrochloric acid are 
introduced into the water near the palps and epipodia, or at the anterior 
or posterior regions of the body, the animal will almost immediately raise 
its shell and then quickly and forcibly draw it downward, followed almost 
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invariably by three vigorous, forty-fhe degree, rotary movements, tlic 
order of rotation usually being left, right, left. These reactions set the 
water m motion around the animal, and expel it from beneath the edges of 
the shell, thus washing off the irritating alkali or acid. Mechanical 
stimulation, such as may be produced by working around the animal, 
may also cause rotary mo\ omenta if the stimuli are of sufficient strength. 

Furthermore, the introduction of 5 cc. of a 0.5 per cent, solution of 
hydrochloric acid directly into the stomach via a second rubber tube, not 
only produced temporary inhibition but it usually led m five to ten 
minutes to an actual increase in the strength of the gastric contractions. 



Km. 12- Slioll of 11 allot \h nifuunis (Alwlono) removed to slur* anatomical annnae 
meut of organs an<l other MlructmoH. M, mouth ; I*, proboscis , K, onophagus; BF, tsopha- 
goal fistula; Hf, etomach; <\ cwcum; 1, Intestine; A, a nun ; L, liver-pa ncie&a ; O, gonad; 
H, heart ; DA, dorsal aorta ; <JA, gastric art on : AM, adductor muscle; Ma, mantle; Bp. 
epipodlum ; Sp, sense palp; Ft, toot , Ki, e\e, T, tentacle, <10, gill chamber 


the strong contract ions ranging in height from three-quarters to one and 
one-qnarter inches. During those strong contractions there was expelled 
from the end of the anal canal a liquid substance which probably contained 
some mucous. This substance produced a white precipitate in the sea 
water at the moment of expulsion and revealed on closer examination that 
it was squirted out with considerable force as a small stream which shot 
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out an mcli or more from the anal orifice into the sea water. More careful 
analysis # of the abo\e showed further that the gastric contractions appeared 
on an average about one second previous to the actual expulsion of any 
substance from the anal opening, as determined by the formation of the 
white precipitate, in the sea water, which soon disappeared. The expul- 
sion of the substance invariably commenced on the rise of the curve, at a 
point one-lialf to two-thirds of the way up. This period of expulsion may 
be of longer or shorter duration, lasting from seven to twenty-one seconds 
as determined by the time from appearance to disappearance of the 
precipitate in the sea water. In some cases, the first expulsion was fol- 
lowed by a second expulsion period, ranging in time from 0.5 to 5 seconds 
and separated by an intcnal of from seven to eighteen seconds; the 
second expulsion period was usually of shorter duration than the first. 
These strong contractions will sometimes continue five to six hours follow- 
ing tlic injection of the hydrochloric acid and will exhibit a more or less 
definite regularity. The probable explanation for this reaction is, no 
doubt, that it is caused by the acid setting up a local reflex stimulation of 
the gastro-intestinal canal. 

In general, the automatic movements of the empty stomach of 
Ilaliotw rufescens falls in line with the gastric activity of other molluscs 
herein discussed. 


Sea Hake ( Telliys calif ormca) 

The sea hare or sea rabbit is a most interesting animal {239). It de- 
rives its popular name from the prominent character of the front pair of 
tentacles, which somewhat resemble the ears of a hare. The species em- 
ployed in this siudy is devoid of any shell. It is another large marine 
molluflo and may attain a weight of fifteen pounds or more. It is also 
a vegetarian, feeding chiefly on Zoslcra (kelp) and, judging from its 
wholesale ingestion of this substance and the efficiency of its gastric mill, 
Tethyscaliforuica converts vegetable material to animal matter at a rather 
rapid rate. 

During the period of gastric observation this animal spawned, the 
large egg mass which was attached to the side of the aquarium resembling 
a great tangle of yellow yarn. The number of eggs oviposited by this 
marine spccieR is of interest and MacGinitie (128), in one case, calculated 
that the egg string was 61,2 meters in length, contained 83,350,344 eggs, 
and weighed 1937 grams. 
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Tlie automatic rhythmical movements of the esophagus of the European 
sea hares, Aplysia depilans and Aplysia limacina were studied by Bot- 
tazzi (20 , 21). He found that the esophagus of the former, when excised 
and placed in a moist chamber, executed automatic contractions at the 
rate of fifteen to sixteen per minute, and instituted a regular or irregular 



Pm ir>.— Tie Hoa harp with rubber tubes aiul balloon passing through mouth and 
esophagus to slomaoh. ready lor gastric registration. Dorsal aspect of animal 


rhythm which persisted through many hours. These rhythmic move- 
ments he regarded as of a purely myogenic nature. In limacina , he found 
the esophagus not only to be normally more flaccid and atonic, but that the 
spontaneous momnents which it exhibited were transient and sometimes 
difficult to register. However, the entire musculature of the body of this 
species is atonic as compared with that of .1 plysia depilans. Briicke (25) 
also worked on the spontaneous niomnents of the isolated esophagus of 
Aplysia depilans and found that these niomnents were dependent upon 
the degree of the repletion of that organ. 


TUB MOVEMENTS OP TUB EMPTY STOMACH AND THEIR INHIBITION 

The introduction of the balloon into the stomach of the California 
species of sea hare was accomplished by anesthetizing the animal in a 
solution of two per cent, ether in sea water and passing a balloon and 
the attached tube down the esophagus while the animal’s muscles were 
telaxed (Fig. 15). The movements of the empty stomach of this animal 
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were continuous and exhibited an average rate of five to six contractions 
per minute. There were also rather marked variations in tonus, which 
the writer is inclined to believe were caused chiefly by the stomach mus- 
culature, although it is possible that there may have been slight eltects 
produced at certain intervals through the body musculature even when 
the animal was apparently quiescent. Otherwise, the animal presented 
the same general characteristics as those already described in the other 
forms ol* animals under this class, and particularly that of the Abalone, 
except that the contractions were somewhat stronger, the height being 
dependent on the duration of the fast (Fig. 16 A, B and C). The Bame in- 
hibitory action on the gastric contractions from the introduction of weak 
acid or alkali was also exhibited as in other animals studied (Fig. 11). 



Fia 16. — A, normal peristalsis, empty stomach of sea hare or sea rabbit (continuous 
activity), after a fast of 340 hours. B, same animal after a fast of 368 hours. Note 
periods of Incomplete tetanus and increased amplitude of contractions. C, same animal 
after a fast of 024 hours, showing stomach to be virtually in a stage of incomplete tetanus. 
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Fig. 17. — Alkali inhibition from introduction of 10 oc. 1 per cent, sodium carbonate 
solution directly into stomach of the sea hare at x. 


Giant Slug (Ariolimax calif omiais) 

Ariolimax californicuSj the giant slug, was the only terrestrial type of 
mollusc studied. These animals inhabit the forest, where the sun’s rays 
hardly penetrate to the surface of the earth, and where the ground is 
covered with moulding trunks of trees and thick layers of decaying 
leaves, all of which favor a constant moisture which are so essential for 
the welfare of these animals. In seasons when they become abundant 
they may cause much damage in gardens and orchards. They seek their 
food at night and are nocturnal or semi-nocturnal in their habiK They 
may be found hiding under fallen trees, stones, etc., or during the day may 
wholly or partially bury themselves in the earth where they remain in- 
active. In seasons of drought they penetrate deeply into the earth. The 
adult animal may attain a length of fifteen centimeters. Binney (15), 
in his morphological studies on this species of Ariolimax , found that the 
orifice of the mouth opened into the cavity of the buccal body, the latter of 
which is an irregular, oval shaped , muscular organ, resembling in appear- 
ance a gizzard, and containing within it the masticating apparatus. Ac- 
cording to this investigator the esophagus leads from the upper posterior 
part of the buccal body back to the stomach ; it is short and dilates into 
the latter, which extends two-tliirds the length of the body. Furthermore, 
Pilsbury and Vanatta (188) found that the alimentary canal of this 
animal is distinctly differentiated into fore, mid, and hind, gut. The 
short esophagus leads into a capacious crop which is separated by a decided 
constriction from the stomach. In the present investigation, for the sake 
of convenience the stomach has been divided into three main parts, the 
cardiac, intermediate and pyloric portions (Fig. 18). The esophagus is 
separated from the cardiac portion by a constricted ring of tissue and is 
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short and straight. Another constricted ring of tissue also separates the 
intermediate portion from the bag-like pylorus. Actual measurements of 
the alimentary tube show it to have a length of thirty centimeters or more. 

Part of the animals employed in this study were collected at Rohlc's 
Bridge on the Stanford University campus, Palo Alto, California, and 
the remainder at Strawberry Canyon on the University of California 
campus, Berkeley, California. The animals were shipped to Detroit by 
express in a special shipping box having a compartment which was kept 
filled with ice. Following their arrival, they were kept in the basement 
of one of the college buildings where it was cool, and fed on cabbage or 
lettuce leaves with bread crumbs added twice weekly. Water was sprinkled 
over the leaves daily to provide the necessary moisture. Under such con- 
ditions the animals would live for an indefinite period. 

TIIL INFLirUVHJ OK LIGHT \ND DAUKNKSS ON A N KSTl I ESTIMATION' OK TUT, 

ANIMAL 

The technique employed for the study of the movements of the empty 
stomach in this great land snail was similar to that used on the Crypto- 
chiton , with the exception that a smaller balloon and tube were necessary 
because of the smaller size of the animal. In this case, however, no 
stomato-gastric glass tube was required and a rubber tube four millimeters 
in diameter could he passed through the opening in the esophagus. This 
was also a difficult form on which to work. 

The most effective technique for the introduction of the balloon was to 
anesthetize the animal with chloroform in a darkened chamber. For some 
reason Ibis type of anesthetic seemed to he more effective than ether in 
producing greater muscular relaxation. The effect of darkness on the 
animal during the period of anesthetization was also of the utmost im- 
portance as already shown in the anesthetization of Cryplocluton , and also 
by the work of Urozier (6M) and Arey and (Vozier (7) in reducing tactile 
irritation or stimulation by light to the lowest possible minimum which 
brings about greater relaxation of the body musculature. The importance 
of the influence of darkness on the muscular relaxation of these animals 
during anesthetization is well illustrated by the following experiment. 
Two healthy individuals were selected, one of which was anesthetized in a 
bright light, while the other was placed in a darkened chamber. The one 
in the bright light contracted its body musculature to such an extent as 
to rupture its body wall through which the viscera protruded, while the 
one anesthetized in the darkened chamber was fairly well relaxed. When 
the animal became relaxed it was removed from the anesthetic chamber 
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Fig. 18— Ventral aspect, gastro-lntestinal trad of ArwUmax caUfonilcuH. M, mouth. 
BB, buccal body. Fa, cardiac stomach. 1, intermediate stomach. P r pyloric stomach 
D, duct of liver-pancreas. F. foot. LI, line of incision through foot. In, intestine. R, 
rectum LB, liver-pancreas. (\ constricted ring of tissue separating buccal cavity from 
the cardiac portion of the stomach. CIt, constricted ring of tissue separating the inter- 
mediate and pyloric portions of the stomach. 

and cotton was wrapped cut irely around the animal with the exception of a 
cone-like opening left for the head. The cotton cone was used for holding 
the animal during the introduction of the balloon, requiring usually ten to 
fifteen minutes. This is a very slow process since, the balloon must bo 
worked into the mouth by manipulating with the fingers the end of the 
tube on which the small balloon is attached ; exentually the animal tends to 
engulf it. With this part of the procedure completed, the cone was easily 
removed, since the copious secretion from the actively secreting mucous 
membrane forms a smooth inner lining to the cone. The animal was then 
placed in a box somewhat darkened by its sides, with suitable moisture, 
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and was ready for gastric registration, either a small water manometer 
or a tambour being used. The earlier records from the stomach were 
complicated by the foot or pedal movements. Better to control the 
experiment, the opaque bottom of the box containing the animal was re- 
placed by a plate of transparent glass, all of which was supported on a 
stand with a mirror adjusted directly below, in order that any pedal mo\e- 
ments might be detected in the mirror during the registration of the 
gastric contractions. While this improvement in technique was of groat 
advantage in detecting pedal movements, and although at times gas- 
tric contractions were indicated which appeared to exhibit a more or 
less definite rhythm, they were not of sufficient duration or constancy, 
in the opinion of the writer, absolutely to demonstrate gastric contrac- 
tions. In addition to the pedal musculature, the body musculature must 
also be taken into consideration, both of which tend to complicate the 
recording of the gastric activ ity in this animal. 

X-3UY STUDIES ON THE GASTRIC MOTILITY 

As a further means of studying the gastric activity in Ariolimax, one 
of the animals was fasted for two days and then placed in a beaker con- 
taining a fresh cabbage leaf sprinkled with fine bread crumbs and bismuth 
subnitrate plus a little water to maintain the necessary moisture. After 
the animal had fed on the leaf preparation it was suspended in a rolled 
sheet of paper and attached to the top of a fluoroscopic frame. The out- 
line of the pyloric portion of the stomach was visible and peristaltic waves 
were observed passing over it at the rate of about one every twenty sec- 
onds. The duration of the actual contraction averaged six seconds, fol- 
lowed by an average rest interval of fifteen seconds, giving approximately 
a twenty second rhythm comparable to that observed in the Cryptochiton. 
No peristaltic activity was observed in the cardiac and intermediate por- 
tions of the stomach, since the outline of these was indistinct. 

The animal was permitted to feed on the preparation during the night. 
On the following morning the mouth was somewhat protruded and the 
radula organ could be observed at times, but this was withdrawn later in 
the day. During the day and the next night the Ariolimax ingested a little 
more of the leaf preparation with the result that on the following morning 
the stomach was completely protruded through the mouth and exhibiting 
definite peristaltic movements (Fig. 19). The peristaltic waves appeared 
to start at the cardiac end of the stomach, spreading over the intermediate 
portion and then passing into the pylorus at a regular and definite rhythm. 
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The duration of the peristaltic wjh es observed over a period of thirty 
minutes and at a temperature of 27° 0. was found to range from five to 
nine seconds, with an average of sis seconds followed by an average inter- 
val of rest of fifteen seconds. Therefore, the rate of the contractions as 
revealed by this animal are in general agreement with the rate and dura- 
tion of those observed by the X-ray. This was the only animal fed bismuth 
subnitrate and the only opportunity afforded for studying the protruded 
stomach ; howe\ er, typical gastric waves exhibiting the same rate and dura- 
tion were maintained for several hours. In other experiments of this 



Fig. 10. — Giant slug with stomach protruded through mouth after ingesting bismuth, 
showing the same tjpe of gastric contractions as observed by the balloon and X-ray 
methods. 


nature instead of the bismuth subnitrate, there was substituted barium 
sulphate which proved to be more agreeable to the animal. However, 
X-ray studios of the stomach following the ingestion of barium sulphate 
revealed identical results. 

Briicke {25) has reported that the rhythmical spontaneous movements 
of the isolated esophagus of Aplysia are dependent upon its degree of re- 
pletion. Furthermore, ten Cate (222), working on the isolated stomach 
of snails, Helix pomalia and Helix asperm, in aerated Ringer's solution, 
found that the rhythmical spontaneous mo\ements of the stomach were 
largely dependent on the degree of repletion and the state of tonic con- 
traction of the organ. 

In several experiments, in which the intact stomach was exposed by a 
longitudinal incision through the mid-portion of the foot and the entire 
animal then placed in oxygenated Ringer's solution, no contractions were 
exhibited by either the thin walled cardiac or intermediate portions. 
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Hut when the balloon was pushed down into the thick-walled, sac-like 
pylorus, active moxements were exhibited, which were readily recordable 
on a kymograph making a rexolution in sixty minutes. These movements 
were also obserxable by the method of direct inspection in the absence of 
any balloon in the stomach. It is, therefore, probable that the balloon 
method is not sufficiently delicate to register the spontaneous activity in 
the thin walled portions of the stomach since they are doubtless stretched 
to the point of functional injury in the absence of intra-abdominal pres- 
sure which xvas destroyed by the incision through the foot. 

STUDIES ON EAST El) ANI) NON- FA ST ED ISOLATED STOMACHS 

In a further series of studies made on the isolated stomach, which was 
carefully ]) repared without injury, and dixided into two portions, namely, 
cardiac plus intermediate, and pylorus, respectively, it was found that 
when these preparations were attached to separate light heart levers of 
the Ilarxard type and placed in oxygenated Kinger’s solution, both prepa- 
rations exhibited rhythmical spontaneous movements; but those of the 
pylorus were much more vigorous than those exhibited by the cardiac- 
intermediate portion. The technique consisted of tying a silk thread 
around the intestine and the constricted portion lying between the inter- 
mediate and pyloric portions, and close to the pylorus, the opposite end 
of the thread then passing to the lever, while the lower bag-like end of the 
pylorus was attached to a fixed support, the silk thread being attached to 
the serosa. The two ends of the cardiac-intermediate portion were simi- 
larly attached to another lever. Such preparations may continue to exhibit 
spontaneous activity lor many hours. The contractions in both of the 
preparations were continuous and of approximately the same rate, but the 
amplitude of the pyloric contractions were considerably greater than those 
of the cardiac-intermediate portion. Observations were also made by this 
method, using chiefly the pyloric portion of the stomach on preparations 
obtained from animals in a good state of repletion, and from those in the 
fasting condition. The stomachs obtained from animals in a good state 
of repletion contained a brown, jelly-like material which wafl carefully 
removed. In all cases the fasting stomach exhibited the more vigorous 
activity as shown by the greater amplitude of the contractions ("Pig. £0 
A and B) . 

TIIE EFFECT OF INSULIN AND GLUCOSE ON TITE GASTHIO ACTIVITY 

This greater activity on the part of the fasted stomach according to 
Bulatao and Carlson ( 27 ) is thought to be referable to a reduction of 
available glycogen which causes the stomach to respond with more strength 
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and greater amplitude than is found in the well nourished organ. In the 
conditions found to increase gastric hunger contractions in higher animal a 
there is either a decrease in tissue glycogen (starvation, muscular exercise, 
phlorizin), or inability of the tissues to burn sugar (pancreatic diabetes). 
Since increased hunger is one of the symptoms accompanying insulin 
hypoglycemia in man, it would seem to point to the availability of car- 
bohydrates for utilization by the stomach motor tissues as being an impor- 
tant factor in the genesis or intensity of the gastric hunger contractions. 
These investigators, working on dogs, have found that the subcutaneous 
administration of insulin is accompanied by increased gastric tonus and 
hunger contractions, while an intravenous injection of glucose inhibits the 
gastric hunger tetany of hypoglycemia. Very little work has been done 



Fid. 20.— A, extirpated stomach in oxygenated Ringer’s solution, obtained from a well 
nourished animal during digestion. B, extirpated stomach in oxygenated Ringer’s solu- 
tion, fasted 402 hours. Note the more vigorous activity of the faHted stomach. 


with insulin on invertebrate animals. Kartisek ( 10(i) has studied its effect 
on the contractility of the tentacles of sea anemones. He found that when 
one-tenth milligram of insulin was added to twenty cubic centimeters of 
sea water the contractility of the tentacles was increased for a short time 
and then decreased afterward for an hour. The addition of glucose had 
the opposite effect, which was enhanced by the simultaneous use of both 
insulin and glucose. Because of the limited amount of work in this field 
it seemed of sufficient importance to determine the influence of insulin 
and glucose on the isolated stomach of the giant slug. The same technique 
was employed as described above, and the two preparations to be tested 
were placed in oxygenated Singer’s solution. The insulin or glucose, as 
the case might be, was injected directly into the cavity of the stomach 
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with a small hypodermic needle, the needle being introduced through that 
portion of the gut wall directly below the attachment of the silk thread to 
the lever. The careful introduction of the needle alone did not cause any 
reaction of the stomach. “Iletm” (Insulin Lilly) was used for the experi- 
mental work. The introduction of .067 cc. of IT-10 iletin directly into 
the stomach from the well nourished animal led to a marked augmentation 
of the gastric tonus, lasting for many minutes, whereas the same amount 
of a 25 per cent, solution of glucose produced an inhibitory effect in the 



Fig. 21. — A, unfaated stomach in oxygenated Ringer’s solution with introduction of 
about .007 cc, of Insulin TJ-10 directly into the extirpated stomach, showing a marked 
augmentation in the gastric tonus. B, fasted stomach with introduction of about the 
same amount of a 20 per cent, glucose solution directly into the extirpated stomach. 
Note the inhibitory action of glucose on the fasted stomach. 


fasting stomach which was exhibiting marked gastric activity (Fig. 21 
A and B). The same reactions were obtained when the cardiac-inter- 
mediate portion of the stomach was used and although the gastric activity 
was of a lesser degree, yet the same responses from the well nourished 
and fasting stomachs resulted from the use of iletin and glucose. With 
.067 cc. of U-20 iletin the reaction is more marked in both cases, the 
period of increased tonus lasting from 20 to 40 minutes depending upon 
whether the TJ-10 or U-20 strength of iletin is used. The results of insulin 
and glucose on the gastric activity of this invertebrate animal are in agree- 
ment with those obtained on dogs, and again would seem to indicate the 
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importance of carbohydrates as a controlling factor of the gastric hunger 
contractions. 

THE INFLUENCE OF TEMPERATURE ON THE GASTRIC ACTIVITY 

Considerable work has been done on the influence of temperature on the 
activity of various tissues and organs. Cameron and Brownlee (29) 
and Cameron (28) have reported that frogs freeze at a temperature of 
-0.44° dr 0.02° C. in a manner very similar to that of solutions isotonic 
with their body fluids. Specimens of Ram pipiens obtained from the 
vicinity of Chicago will survive a temperature of -1° C. but they will not 
survive a temperature of -1.8° C. The exsected hearts of these animals 
will survive a temperature of -2.5° C. for one hour, but are killed by a 
temperature of -3.0° C. for one hour. Britton (23), working on tempera- 
ture effects on fishes, at the Canadian Government Atlantic Biological 
Station at St. Andrew’s, NT. B., found that they survived exposure to 
water at temperatures -1° to -2° C. from one to several hours. In this 
period all the vital activities gradually diminished and eventually dis- 
appeared, the heart beat being the last to cease in diastole. Fishes ex- 
posed to a water temperature oC 25° C. were but little affected, whereas 
30° C. produced much distress, and death soon followed unless a reduction 
in the water temperature was made. In Neciurus , maximal gastric activity 
occurs at about 18° C., while much above or below this temperature there 
is diminution in the rate and amplitude (1 7 If., 178). For reduction of 
temperature they cease completely at 7° C. In the bullfrog, maximal 
gastric activity occurs between 15° C. and 32° C. The contractions of 
the empty stomach are completely inhibited at 35° C. for maximal tem- 
perature, and 13° C. for minimal temperature. Decreasing the tempera- 
ture in the former or increasing it in the latter, 0.5° C., or at the most 
1° 0., will cause the return of the gastric contractions (168). 

Studies on temperature effects were carried out on the isolated stomach 
of Ariolimcuv calif or nirm in oxygenated Ringer's solution. At 18° O. 
the stomach preparations were most responsive and exhibited the greatest 
maximal activity. Cessation of activity occurred on raising the tempera- 
ture to 37° to 38° C., the contractions decreasing in amplitude and finally 
stopping at 38° C. for the fasted tissue. Reduction in temperature 
caused the fasted tissue to cease its activity at -3° C. The stomach prep- 
arations obtained from animals in a good state of repletion usually 
ceased their activity from one to two minutes sooner than in the case of 
the fasted preparations. These temperature changes were gradual, and 
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extended c^er a period o f two and one-half hours. In applying van’t 
Iloff’s rule to this work, the data shows that the relation between con- 
tractions and temperature is maintained either when the stomach prep- 
arations pass from a lower to a higher temperature or \iee versa; the 
rule being that for each increase of 10° Centigrade, the \elocity of a re- 
action is doubled or trebled. This rule, while it usually refers to chcmi- 
cal reactions, may also be applied to the physiological reaction of animal 
tissues as exhibited between certain not very wide ranges of temperature. 

Tables I and II show the results obtained from experiments on fasted 
stomach preparations in oxygenated Ringer’s solution, with the respec- 
tive number of contractions executed in the unit of time. Temperature 
coefficients were obtained as quotients from the formula used by Riddle 
(lf)0) : 

hate at Tn 
Rate at T x 

Tn is the higher temperature, T the lower temperature, and X the dif- 
ference between these two. 


TABLE I 

Raising the Temperature 


Number of contractions per 

7 min. intervals — 
room temperature 

Number of contractions per 

7 minute intervals after 
increase of temperature 

Temperature 

coefficient 

26° C. = rate of 8 

32° C. - rate of 13 

2.70+ 

26° C. « rate of 8 

33° C. ** rate of 21 

3.75+ 

23° C. — rate of 12 

30° C. - rate of lb 

1,90- 


TABLE II 

Lowering the Temperature 


Number of contractions per 

7 min. intervals — 
room temperature 

Number of contractions per 

7 min. intervals after 
decrease of temperature 

Temperature 

coefficient 

26° C. « rate of 42 

20° C. - rate of 18 

3,88+ 

26° C. = rate of 42 

14° C. - rate of 12 

2.91 + 

21.5° C. * rateof 21 

14° O, « rate of 10 

2.66+ 

21.5° C. - rateof 21 

10° C. * rate of 9 

2.03- 

22° C. « rateof 16 

11° C. = rateof 6 

2.42+ 
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The results of this Investigation show conclusively that the contrac- 
tions are not only continuous in both the fasted and unfasted prepara- 
tions, but that the fasted stomach exhibits a greater degree of regularity 
than tliaf obtained from the stomach preparation in a state of repletion. 
Furthermore, the contractions from the lasted stomach were of greater 
strength and amplitude, and this applies to all three portions of the 
stomach. Slight variations in the tonus were also observed. In gen- 
eral, the stomach’s activity obsened in this species is in agreement with 
similar work on other molluscs. Furthermore, experiments have shown 
that live animals in a good state of repletion, with plenty of moisture, will 
withstand a fast of from 33 to 35 days. 

TYPES OF VERTEBKATA STUDIED 
Chordata 
Cyclostomes 

IIagfirii ( Polistotrema stouti) 

The hagfish is, with the exception of ainphioxus, the lowest of the ver- 
tebrates. It is cel-like in form and feeds upon fishes, boring into their 
bodies and devouring their viscera and flesh, and is a most destructive 
agent of the commercial fisherman who undertakes to use set gear in 
localities, such as Monterey Bay, California, where they occur in great 
abundance. This animal is about eighteen inches in length, and is semi- 
parasitic in habit. It is easy to catch in traps and may be kept in an 
aquarium for a considerable period of time. A simple device, described 
by Greene ( 8S ), is to take a five-gallon oil can and puncture it with a 
number of small holes just adequate to admit the passage of a hagfish. 
The sharp, jagged edges of the tin around these holes on the inside will 
act to retard the exit of the fish. A liberal quantity of dead fish is in- 
troduced for bait through a trap door which is made secure, and thou the 
trap is taken about one hundred yards oft shore from the Marine station 
and lowered to the bottom of the hay. Under the most favorable condi- 
tions the can may he completely filled with hagfish. However, some may 
escape while the trap is being drawn to the surface, but even then it is 
not uncommon to obtain from fifty to seventy specimens from a single 
haul. 

The eyes are rudimentary, but in compensation for the blindness the 
animal appears to be endowed with a keen sensitiveness both to physical 
contact and chemical stimuli. In the case of chemical stimuli the entire 
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reaction of the animal is a splendid illustration of the chemical guidance 
of a blind carnivorous and parasitic fish. 

The California hagfish is unique among animals in possessing more 
than one heart. It is generally known that the eels of the rivers of the 
Atlantic seaboard and of the Mississippi Valley have, in addition to the 
usual systemic heart, a contractile vascular organ in the tail, on the 
caudal vein. The hagfish, however, has three hearts. In addition to 
the systemic and caudal hearts, Jackson {101) has found a third heart 
located in the portal venous system with incoming and outgoing vessels 
all adequately provided with valves to insure a one-way course of the 
blodd. Furthermore, Greene {SI, 88) has reported that there are no 
cardiac regulative nerves in the vagus for either the systemic or portal 
hearts. However, the caudal heart varies from the above in that the 
walls of the cavity itself are noil-contractile and that the caudal pump 
derives its power from a pair of skeletal muscles differentiated out of the 
great lateral muscles of the region, and is, like all skeletal muscles, in- 
nervated from the spinal cord. 

According to Herrick {OS) the brain of the hagfish is organized around 
two dominant sensory systems, the olfactory nerve and the trigeminal 
nerve, in which aTe located the senses of smell and touch; the other spe- 
cial senses are in various stages of degeneration. There are vestigial 
eyes and no jaws or limbs, and the typical response to almost any kind 
of an adequate stimulus is a wriggle involving practically the entire 
body. The two senses of smell and touch are very highly developed and 
the simple motor mechanism is activated mainly from these two sources 
of excitation. Although the complexity of the brain of the hagfish is of 
a different pattern from that of a higher animal, it cannot be considered 
as consisting of a few separate reflex arcs; it possesses a structure peculiar 
to itself. In fact, it is only from the developmental and functional side 
that the question can be properly analyzed. The animal lives a very 
simple and uneventful life and each stimulus that comes in must be 
transmitted to muscles all over the body, as an order to move. Hence, the 
apparent random branching of the nerves, and their distribution, is de- 
scribed as a “hay-wire” pattern, for the fibers from this whole pattern 
converge into the muscles causing mass movements over the entire body. 

TEIE INFLUENCE OF TITE VAGUS NERVE ON TTTE STOM AOU-INTESTIN E 

Johannes Muller (168) has described the vagus nerve of the hagfish 
as sending branches to the gill sacs, to the heart, and to the stomach- 
intestine. This author (15S), nearly a hundred years ago, in 1837, wrote 
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that in the Myxinoides the Kami intcstinales developed out of tho union 
of both vagi and ran as far as the rectum, while the sympathetic was en- 
tirely absent. A dissection of this nerve in the species of hagfish studied 
shows that it takes a course down the sides of the body, the right and left 



Fig. 22. — Dissection or vagus nerve in tin* liagflsb, with Its distribution to the gill 
sacs, cardla, and stomach-intestine. 
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nerve trunks joining just over the cardia, whence it passes down the 
dorsal mid-line of the stomach-intestine to the end of the rectum (Fig. 
22). In this drawing the vertebral column and spinal cord have been 
removed with the dorsal muscles. Furthermore, the dissection revealed 
that the twelfth gill opening (thirteenth in some animals Inning thirteen 
pairs of gill openings) on the left side was greatly enlarged and led 
directly into the lower end of the esophagus (not shown in figure). This 
opening proved to be of sufficient size for the introduction of the balloon 
into the stomach and was most fortunately located for this particular 
type of investigation. However, the introduction of the balloon, either 
through the twelfth gill opening or through the anal opening, failed to 
give anything but negative results. In this particular connection the 
writer felt that there might he a relationship between the gastric motor 

Fig. 23. — A, introduction 
of dual balloon Into the 
stomach of the hagttsh by 
the gill-anal route, with the 
rubber tubes extending 
through the respective open- 
ings to the recording water 
manometers. B, dual bal- 
loon, showing larger balloon 
for stomach and smaller 
one for lower end of the 
esophagus. 

mechanism of this form and that of Necturw ?, in which there was a rever- 
sal of the vagus action on the stomach (178). Therefore, a series of 
acute experiments was begun by Patterson and Pair (184) on the Cali- 
fornia hagfisli, similar to those conducted on Neclunm, with the diifer- 
ereuee that a double balloon was used — a small one in the lower end of 
the esophagus and a larger one in the stomach proper ( Pig. *2 IS B ) . These 
balloons, although in series, were so constructed that there was no air 
transmission between. them. For the introduction of the balloon into the 
animal's stomach a small piece of glass rod about one-quarter of an inch 
m length, with rounded ends, was inserted into the open end of the rub- 
ber tube coming from the deflated large balloon. This was then intro- 
duced through the large gill opening on the left side, gradually workeil 
through the cardia into the stomach-intestine, and withdrawn through the 
anal opening. With the two balloons in place, the tubes were connected 
with their respective manometers and inflated (Pig. 23 A). Then, with 
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the \agi isolated for stimulation, any changes in the cardia or stomach 
could be recorded upon stimulation of the nene. 

By this gill-anal method which was possible in such an animal as the 
hagfish, possessing a straight alimentary tract, it was found upon stimula- 
tion of either vagus that the eardia contracted while, at the same time, 
the stomach-intestine relaxed (Fig. 21). There was also a definite con- 
traction of the gill sacs, resulting from this nerve stimulation, as well as 
some indication that the spinal nerves exerted a motor action on the 
stomach-intestine of this animal. These results show that the vagus 
nene is motor to the eardia and inhibitory to the stomach-intestine, which 
places this animal in respect to its gastro-vagus action in the same cate- 
gory with Necturus, in which the vagus is inhibitory to the stomach. 

Turnbull {221 S‘) and Dahlgren (OS), in a histological study of the 
intestine of My sine, the Atlantic species of hagfish, found little or no 
muscular tissue in its wall. These investigators came to the conclusion, 
as an assumption from their work on dead tissue, that the peristalsis 
was carried on by the muscles of the body wall. “In order that this may 
be possible, the small digestive tube is padded with a layer of large- 
celled connects e tissue, kept expanded by turgidity. These connective 
tissue cells increase the diameter of the intestine so that it almost fills 
the body cavity and so brings the intestinal walls close enough to the 
body wall that the peristaltic action of the latter may be transmitted to 
the former.” Olcott {158, 159 , 68), in a series of experiments oil the 
live material, has been able to demonstrate that the stomach of this ani- 
mal possesses the power to contract, and he has graphically recorded on 
a slowly moving drum the contractions which were doubtless produced 
by the circular libers. True peristalsis was also observed when a piece 
of the stomach wall was placed in a salt solution for one minute and then 
transferred to a Ringer’s solution. This is in agreement with the re- 
sults on the California haglish since the stomach is comparatively thin 
and the muscular tissue correspondingly diminished, accounting for the 
small contraction cunes (Fig. 24). However, since the peristaltic action 
is quite weak and the walls of the stomach-intestine are seemingly weak 
and flabby, it is possible that the actual downward movement of the food 
is not the chief function of the muscle of the stomach wall. Since the 
straight intestinal tube lies very close to the body wall, which is heavily 
muscled and capable of great activity, it is possible that the body wall 
may considerably aid in the process of peristalsis. 
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Pisces 

Dogfish ( Squalus calif 'ornicus) 

The digestive tract of elasmobranch fishes has been studied quite ex- 
tensively both from the histological and from the physiological standpoint 
and Sullivan ( 21S ) has given a good review of the more general prin- 



Fio. 24. — R eactionof 
cardia, A, and stomach-in- 
testine, B, of hagflsh to 
vagus stimulation. Regis- 
tration by dual balloon 
through gill and anal open- 
ings. Vagus is motor to 
cardia and inhibitory to the 
stomach-intestine. S, sig- 
nal. 


ciples of the subject. A study of the literature concerning the innervation 
of the stomach and intestine in mammals, and the effect of adrenalin, 
reveals much confusion and contradictions, and the motor effects of sym- 
pathetic stimulation and adrenalin on the stomach of elasmobranch fishes 
offers another exception to this common view. 

Bottazzi ( 19 ) and Muller and Liljestrand (25-4) were unable to ob- 
tain inhibitory effects on the stomach of elasmobranch fishes by stimulat- 
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in g the anterior splanchnic nerves, but instead got marked activity. The 
visceral nervous system in these fishes also has other peculiarities, namely, 
a lack of accelerator (sympathetic) nerves to the heart ( 19 , 15k, 121) and 
an inhibitory action of adrenalin on the heart. Lutz {12 7), working on 
the dogfish, Bqualus acmthias , and the skates, Rata erinacea and Raia 
diapha/nes , found that adrenalin caused a rise in tone and an increase 
in motility of all parts of the stomach, while an extract of the chromaphil 
bodies had a similar effect although other tissue extracts used for controls 
were ineffective. Faradie stimulation of the first sympathetic ganglion 
(gastric ganglion), and of the anterior splanchnic nerves, produced ex- 
tensive contractions of the stomach. Similar stimulation of the vagus 
gave moderate contractions with no indication of any inhibitory effect. 
Furthermore, simultaneous vagus stimulation did not alter the response 
from the splanchnic nerves. Adrenalin and extract of chromaphil tissue 
caused a marked decrease in tone and in inhibition of motility of the 
posterior end of the intestine and the rectum, while faradic stimulation 
of the posterior splanchnic nerves led to a vigorous contraction of these 
parts. 

Alvarez (d) studied peristalsis in the dogfish and ray and found that 
the cardiac portion of the stomach exhibited peristaltic waves, tonal 
changes and small rapid contraction waves, while in the pyloric portion 
which is very different in structure from the cardiac, contraction waves 
occurred, but no true peristalsis. Furthermore, the dogfish can vomit, 
but the stomach is unable to empty itself by its own contraction. Tn the 
valve gut the movements are slight in the dogfish and absent in the ray. 
Dobreff {09), working on the gastric secretion in sharks found that it 
was present throughout life, commencing in embryonic life and lasting 
until death. This worker found that the maximal gastric secretion was 
reached a few days after the beginning of starvation and that the shark 
could fast for long periods (118 days), losing during this period about 
one-third of its body weight. Smallwood {211t) made a similar observa- 
tion on the dogfish, Amia calva , and found that it was able to live for 
at least twenty months in an aquarium tank without food, the body energy 
during this period being derived from the body muscles. 

A member of the true fishes, the California shark or dogfish was 
selected as being a suitable species for the investigational type of work 
in question. The animal was anesthetized in a solution of two per cent, 
ether in sea-water, according to the method used on Neeturus, but in this 
case a gastrostomy was performed. The best location for the fistula was 
found to be on the ventral surface, the line of incision not to he over one- 
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quarter of an inch to the left of the median line extending from the inner 
central base of the pectoral fin caudal ward, so as to avoid the lateral vein. 
At the present time, the work has not proceeded to the point where much 
can be said in regard to the gastric activity of the stomach of the dogfish. 
There is, however, good evidence of gastric motor phenomena, the details 
of which will require additional work to confirm. 

Amphibia 

Necturus {X ectunus maculcttus) 

On the completion of considerable work on the frog it seemed desir- 
able to extend the investigation to Necturus, a member of that group 
of aquatic amphibians which is probably the oldest of the present day 
urodeles (i/0), to determine whether or not the physiological activity and 
control of the gastric motor mechanism discovered in bullfrogs is the 
same or similar in this animal. 

The general method of study was at first similar to that employed on 
the bullfrog {108, 109), modified to meet the anatomical peculiarities of 
this type of animal. The animals were anesthetized in a solution of two 
per cent, ether in water after the method of Sulima {217) and a stomos- 
tomy was made. Tliis method was found to be unsatisfactory and 
although the animals lived indefinitely following the operation they in- 
variably died after the introduction of the balloon tube through the stomos- 
tomy opening in the floor of the mouth. For example, if the balloon and 
tube were left in position overnight, the animals were usually found 
dead in the morning. The presence of the tube in the opening apparently 
interfered with the normal respiration, thus allowing ihe passage into 
the mouth of water which could not be properly expelled through the 
gill slits; or, because of this abnormal condition the animals may have 
drowned, since water was found in most cases either in the lung sacs or in 
the stomach and upper portion of the intestine. No results were obtained 
by this method and it was discarded. A gastric fistula made in the mid- 
line of the ventral surface of the body was also unsatisfactory. The 
tissues were not sufficiently strong to hold the sutures for any length of 
time and they were soon torn out by the swimming activity of the animal. 
This also happened if the abdominal muscles were quickly contracted, 
resulting in a protrusion of more or less of the visceral mass. An 
esophageal fistula made about O.o cm. to the left of the mid-line, and 
posterior to the fore limb on the ventro-lateral surface, proved to be move 
satisfactory. By this method fairly good results were obtained from 
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about one-third of the experimental animals, but unfortunately the 
greater majority died of rupture, as in the case of the gastrostomized 
animals, before results could be obtained from them. However, such a 
fistula made in the extreme lower end of the esophagus was much more 
satisfactory than a similar one made in the mid-line, since due to the 



Fig. 25.— This tigure Illustrates arrangement of apparatus for determining the in- 
fluence of the vago-sympathetlcs on gastric activity in Necturu*. TWF, rubber tube from 
water faucet ; TT, glass T-tubes ; WT, water-troughs for lower portion of gills ; AH, 
animal-holder ; OT, outlet tubes ; TM, tube to manometer with balloon attached at op- 
posite end, the latter being introduced into the stomach through a stomostomy opening in 
the floor of the mouth (not shown) ; CTTG, curved T-tube to keep upper portion of gills 
moist ; IV, incisions for vagi ; ITC, incision for transecting cord ; Th, thermometer ; L, 
ligatures attached to vago-sympathetics ; S, support for apparatus; C, clamp to regulate 
flow of water through tubes. 
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retaining of the \isceral membrane which is attached to the inner sur- 
face of the abdominal wall along the mid-line, there was less tendency to 
rupture. This sustaining membrane holds back the viscera of the right 
side, and especially the large liver, thereby reducing the intra-abdominal 
pressure on the tissues directly involved in the making of the fistula, and 
in this manner somewhat lessening the possibility of rupture. Simply 
an attempt to introduce the balloon into the stomach of a properly pre- 
pared animal often results in rupture if the animal becomes excited and 
swims about in the water. The animals during the period of experimenta- 
tion were kept in water in a darkened tank and in a reasonably cool room. 
Because of the disadvantages involved in this method, and other factors 
of an apparently inhibitory nature, which will be discussed later, ii was 
thought desirable to initiate a series of acute experiments on this animal. 

In these experiments the method consisted of transecting the spinal 
cord between the first and second cervical vertebra under ether anesthesia, 
followed immediately by a stomostomy operation for the introduciion 
of the rubber balloon into the stomach through the mouth and esophagus, 
for the graphic registration of the gastric contractions. The animal was 
then placed on an inclined board so that the gills floated in the two per 
cent, ether and water solution and the vagi were isolated dorsally at their 
exit from the skull for a distance of 3 to 5 mm. through incisions about 
one cm. to the right and left of the median line ; lifting ligatures were 
placed under each nerve. These nerves can be isolated without hem- 
orrhage. The incisions were plugged with cotton moistened with normal 
saline and the animals were then placed in a normal horizontal position 
on a specially constructed animal holder provided with water-troughs, and 
the gills were constantly covered with running water, both from above 
and below (Fig. 25). In these animals the respiration and circulation 
are maintained fairly normal for periods ranging from three to five 
days and they may live for periods as long as eight days. During this time 
the gastric motility, as well as the influence of the vagi on the empty 
stomach, may be studied. 

TIIE MOVEMENTS OF TIIE EMI*TY STOMACH AND TlIEltt INHIBITION 

The recorded observations of the activity of the empty stomach of 
Xecturus by the esophageal-fistula method are, with some exceptions, 
similar to those recorded from the empty stomach of the bullfrog. The 
contractions, although somewhat weaker and of shorter duration, re- 
semble in character those of the bullfrog but the intervals between the 
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individual contractions are from five to nine times longer. Likewise, 
no changes in gastric tonus occur in those fasting animals and for this 
reason only one type of hunger contraction is exhibited, since the type 
of these contractions is thought to be primarily dependent upon the 
degree of tonus under which the gastric mechanism maintains itself 
at different times {20 Ji). Under an environmental temperature of 
about 18 °C., which has proven to be the most favorable for maximal 
gastric activity in this animal, the contractions show an average 
duration of about forty-fhe seconds, and the intervals between the con- 
tractions vary from one and one-third to five minutes. The form of the 
contraction is rather slow and the curve is perfectly smooth, showing 
no smaller superimposed waves. Furthermore, there is no indication 
that these contractions fall into groups separated by intervals of rela- 
tive quiescence; they are practically continuous and show a definite 
regularity which continues for hours, at least after the contractions have 
once started following the preliminary steps of the introduction of the 
balloon into the stomach. Such procedure may result in total absence 
of any gastric activity for several hours and when the contractions actually 
do start they are very, very feeble at first, but show a definite regularity. 
They gradually increase in strength until they reach their maximum, 
which may require from one to three or four hours. Weak acid or alkali 
of the usual strength, when introduced directly into the stomach, pro- 
duces temporary gastric inhibition, as do body movements. From one 
animal a continuous record of the gastric activity of the empty stomach 
was recorded for seventeen and three-quarters hours in which no periodicity 
was exhibited, the contractions being regular and continuous. They 
would doubtless have gone on indefinitely under the conditions had not 
the temperature toward the end of this period been very gradually reduced 
by the addition of small pieces of ice to the water in the tank. This 
reduction in temperature produced a gradual slowing and weakening of 
the contractions until finally there was a complete cessation of all gastric 
activity at This is a somewhat lower temperature than that re- 

quired in the bullfrog to produce gastric standstill — on an average, 13 °C. 
This was the only animal on which the influence of temperature was 
studied. 

Upon recovery the animal showed feeble contractions which increased 
in intensity but they ne\er quite returned to the normal strength of the 
contractions before the reduction of temperature. It should he borne in 
mind, however, that this particular experiment was carried out in the 
month of January while the similar and more extensive experiments on 
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bullfrogs wore carried oat during the month of August; this might 
account, in whole or in part, for the difference in temperature at which 
the stomachs of the two animals ceased their activity. 

During the graphic registration of the gastric acthity in Xeclurux it 
was found that handling or touching the head, and more especially the 
gills, usually resulted in producing temporary gastric inhibition and this, 
coupled with the fact that it required such a long time for the contractions 
to start after the introduction of the balloon into the stomach, might 
indicate that the gastric mechanism in this animal is under the inhibitory 
control of a medullary center. 

THE INFLUENCE OF THE VAGI ON THE GASTRIC 1S10T1L1TY 

After the operative procedure necessary in preparing the animals for 
these acute experiments and the introduction of the balloon into the 
stomach, there is usually a period of several hours before there is any indi- 
cation of gastric motility. Finally, weak contractions appear, which 
gradually increase in amplitude to a maximum. These contractions, on 
the whole, are practically identical with those obtained by the esophagcal- 
(istula method. A previous report of the author ( 7 74 ) indicated that the 
controlling influence of the vagi on the movements of the empty stomach 
of NecturusvrSiS largely inhibitory. In this animal Fischer (?V) Driiner 
(7^) and Norris and Buckley (1o7) haie described a glossopharyngeal- 
i agus nerve complex formed by three branchial nenes. The glossopharyn- 
geal or first branchial nerve shows characteristic pharyngeal, pretrcmatic 
and posttrematie rami and sends a general cutaneous and motor branch 
that anastomoses with the second branchial nerve. The second branchial 
nerve (vagus 1) lias well-developed pharyngeal, pretrcmatic and post- 
trematic rami and sends one motor and general cutaneous branch to 
supply the levator and depressor muscles of the first gill and the over- 
lying skin which receives an anastomosis from the ninth nerve ; other 
branches supply the levator and depressor muscles of the second gill ; an 
anastomosis occurs with the third branchial nerve forming the innervation 
of the levator and depressor muscles of the third gill. The third 
branchial nerve (vagus 2) is very much reduced but pretrcmatic and 
posttrematie rami of communis fibers only may be recognized, while the 
main part of the nerve forms an anastomosis with a branch of the second 
branchial nerve already mentioned. The r'amus intestino-accessorius of 
the vagus divides into three typical branches: r. lateralis ventralis, r. 
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intestiualis rccurrens, and r. intestinalis, the last of which supplies the 
lungs, stomach and intestine. While the apparent close linking together 
of the respiratory and gastric organs might almost lead one to believe that 
in Xeclurus they were both under the control of a single medullary center, 
it is more likely that separate centers exist and that reflex stimulation re- 
sults. However, it is e\ident that this close relationship between the nerve 
supply of the gills and the stomach might be materially influenced by con- 
ditions alfecting respiratory function which might be transmitted to the 
gastric mechanism reflexly through this glossopharyngeal-vagus complex, 
and the experimental results of the investigation tend to support this 



Fig. 26 . — Movements of the empty stomach of Necturus before and after double vagot- 
omy. A, normal contractions with the vagi nerves intact; B, contractions from the 
same animal's stomach after section of both vagi. Note the augmentation of the con- 
tractions due to the removal of the inhibitory influence. C, indicates how shaUow the 
normal contractions may be in some animals, followed in D by the usual augmentation 
after double vagotomy. P=0 mm. pressure of water manometer. T f time in 5 second 
intervals. 

belief. Stimulation of the gills with a glass seeker or with forceps usually 
leads to reflex inhibition of the empty stomach, with cessation of gill 
movements during the period of the excitation. The afferent impulses 
arising from gill stimulation pass along the branchial nerves to the vagus 
center in the medulla, whence inhibitory influence is transmitted down the 
vagus trunk and along the r. intestiualis to the stomach. Section of the 
branchial nerves abolishes the reflex effects of gill stimulation. Destruc- 
tion of the medulla, or section of the vagi, produces a similar effect. 

The ligaturing and sectioning of both vagi first produce inhibition of 
the gastric movements, due to the mechanical stimulation, followed in a 
short time by the return of the gastric contractions in augmented form, 
the augmentation even greatly exceeding the amplitude of the normal con- 
tractions with the nerves intact (Fig. 26 A, B, C and D). Electrical 
stimulation of the vagus or even slight traction on either the sectioned or 
the unsectioned nerve, when the stomach is exhibiting motor activity, will 
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produce almost immediate inhibition or stoppage of the movements of the 
empty stomach (Fig. 27 A). This inhibition is of rather prolonged 
duration, lasting from 30 to 45 minutes or more, depending upon the 
intensity of the stimulation, and is followed by a gradual return to nor- 
mal. The effect is the same whether rapidly or slowly induced shocks 
are used, but the duration of the inhibition is usually longer following 
stimulation by rapidly induced electric shocks. Cardiac inhibitions also 
result from electrical stimulation of this nerve. No motor effects have 
ever been observed from vagus stimulation. These findings tend to show 
that the fibers contained in this nerve and destined for the stomach of 
Nedurus are predominantly, if not exclusively, inhibitory. This pre- 



Fig. 27.— Inhibition of the movements of the empty stomach of Ke< ti/nis. A, same 
animal as in Fig. 26 A and B. At x, weak tetanizing current applied to peripheral end 
of left vagus after double vagotomy, producing inhibition directly. B, same animal as in 
Fig. 26 C and D. At x, moderate traction on central end of right vagus after unilateral 
vagotomy, producing inhibition reflexly. P=0 mm pressure of water manometer. T, 
time in 5 second intervals 


dominant inhibitory action of the vagus on the stomach of N ecturus is not 
in accord with the results of other workers on the stomachs ot higher 
animals, since it is now generally conceded that the vagi contain both 
motor and inhibitory fibers to the stomach, with a predominance of the 
former. However, the work of Ilopf (94) on the frog, and that of Ber- 
covitz and Bogers (13) on the turtle, while supporting the above state- 
ment, seem to indicate that there is some slight increase in the propor- 
tionate number of inhibitory fibers present in the vagi to the stomachs 
of these animals as compared to the number existing in the same nerve 
of that of higher animals. Furthermore, Carlson and Luckhardt (55), 
have demonstrated that the vagus nerve is inhibitory to the esophagus of 
the turtle. To the lungs, which must be considered as diverticula of the 
esophagus, it is predominantly, if not exclusively, motor in the turtle 
(54). likewise, in the frog it is predominantly inhibitory but also partly 





PATTERSON. GASTRIC HUNGER MECHA A ISM 


119 


motor to tlie lungs (53, 172, 173) ; while m salamanders, including Xec- 
turns , it appears to be exclusively inhibitory (120). 

Stimulation of the central end of the vagus after unilateral vagotomy, 
either with induced electric shocks or by traction, leads to a reflex inhibi- 
tion of the movements of the empty stomach (Fig. 27 B). However, 
following bilateral v agotomy the reflex is entirely abolished, showing the 
reflex pathway to be through the vagus. This reflex activity on the gastric 
motor mechanism of Xec iurus, as exhibited by central stimulation of the 
\agus and in most cases by stimulation of the gills in the intact animal, 
is in accord with the results of other investigators on tlie reflex inhibition 
of certain internal organs in other animals. McWilliam (142), working 
on the reflex excitation of the cardiac nerves of the eel, showed that various 
types of slight stimulation of either gill caused a sudden and powerful 
inhibition of tlie heart, of considerable duration (half a minute), after the 
discontinuance of the gill stimulus. Stimulation of the gill apertures, 
the interior surface of the branchial chamber, the skm of the head, a <n d 
that of the tail, are also effective in producing cardiac inhibition. Cardie 
inhibition may also be obtained in the carp, perch, rudd, etc., as in the e^l. 
Goltz (85) also found that various types of stimulation applied to dif- 
ferent parts of the frog's skin led to an increased hypertonus and motility 
of the stomach, and these observations were confirmed by Contejean (58) 
and Steinach (215). Meltzer and Auer (145) showed that the vagus 
contains inhibitory fibers to the cardia of the rabbit, which may be excited 
reflexlv by stimulation of the central end of the remaining vagus. Von 
Openchowski (234, 235) reports that, with the vagi intact, reflex dilata- 
tion of the cardia may be induced by stimulation of tlie sciatic nerve and 
various internal organs, while Luekhardt and Carlson (125) by gentle 
mechanical stimulation applied to the skin of the mandible, gills or front 
legs of the axolotl, induced lung contractions of reflex origin. Such reflex 
action from electrical or mechanical stimulation of cutaneous nerves was 
not obtainable, however, in Neduru*. In the enrarized ( 1 n/[)!olranchus, 
stimulation of cutaneous and visceral sensory nerves causes, in most cases, 
reflex lung contraction and reflex cardiac inhibition (126). 

In four animals the brain was exposed dorsally and the rootlets form- 
ing the glossopharv ngeal-vagus complex were isolated, with a portion 
of the brain. TTpon electrical, or slight mechanical (traction), stimula- 
tion, motor effects were observed in one animal in both the stomach and 
the gills. The motor response in the stomach appeared either in the form 
of one or two weak contractions without inhibition or the contractions 
were followed by inhibition. However, in the rest of the animals so 
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studied only inhi bitory effects were observed on the stomach, while motor 
effects occurred in the gills. This would possibly suggest the presence 
of a few motor fibers in the vagus for the stomach of Ned unis but it 
must be granted that if such motor fibres do actually exist, they must be 
extremely in the minority. In other words, the predominance of the 
inhibitory fibers in the vagi is apparently in inverse order to the arrange- 
ment of these fibres as found in the same nerve in other animals. In a 
few experiments an attempt was made to stimulate the splanchnic nerve 
fibers supplying the stomach after laparotomy. Rapidly induced electric 
sjioeks were used. Out of four such animals three gave positive and one 
negative results. In those stomachs in which peristaltic activity was 
exhibited the contractions started in the upper third and advanced slowly 
toward the pylorus but none of the waves was observed to pass o\er the 
pylprus. In two animals the peristaltic contractions resulting from the 
stimulation were so strong at times as completely to obliterate the lumen 
of the stomach. In the other animals the contractions wore weak. 
Several contractions may be obtained from the same stomach by repeating 
the- stimuli, but the contractions gradually become weaker until finally 
tfiey cease altogether. Therefore, the experimental evidence for the 
existence of motor excitatory fibers via splanchnics to the stomach is 
much more pronounced than for the presence of such fibers via vagi in 
Necturus. 

The results here presented on the inhibitory influence of the vagi on 
the stomach of Nectums, together with certain inhibitory phenomena 
presented in the literature on the esophagus of the turtle, the hearts of 
fishes and the lungs of frogs, Necburi , and other salamanders, indicate that 
this inhibitory innervation via vagus plays an essential role in the moior 
activity of the gastric mechanism. This gastric inhibitory action probably 
does not arise through the action of the sympathetic fibers that might 
join the vagal trunk, since the stimulation of the vagus invariably pro- 
duces inhibition which would tend to rule out this factor as being of 
any importance. However, the experimental results in toto on one species 
cannot be transferred to another species, because of the evident variations 
in the degree of the primitive motor control retained in the anterior 
portion of the gut in different animal groups. 

To summarize: The contractions of the empty stomach of Nedurus 
mawilatus are practically continuous like those of the bullfrog, but the 
individual contractions are weaker and the intervals of rest are much 
longer. No changes in gastric tonus were observed. Weak acid or alkali, 
when introduced directly into the empty stomach, produces temporary in- 
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hibition. Body movements of the animal also cause a similar effect. 
Bilateral vagotomy, after a prolonged period of gastric inhibition, leads 
to a marked augmentation of the normal contractions by removing the 
inhibitory influence on the stomach. Electrical stimulation of the vagus, 
or even slight traction on either the sectioned or the unsectioned nene 
when the stomach is exhibiting motor activity, results in almost an im- 
mediate inhibition of its movements. Stimulation of the central end of 
a vagus after unilateral \agotomy, either with induced electric shocks or 
by traction, causes an inhibition of the movements of the empty stomach 
reflexly, the nerve pathway being via intact vagus nerve since bilateral 
vagotomy abolishes the reflex. It is also possible to obtain a similar reflex 
on the stomach from stimulation of the gills with the vagi intact. The 
inhibitory influence of the vagi on the stomach of Neclm'us is predom- 
inant^, if not exclusively, inhibitory, and it therefore plays an essential 
role in the motor activity of the gastric mechanism. It is also probable 
that the splanchnic nerves supply motor excitatory fibres to the stomach. 

Fhog ( Rana catesbiana) 

It is now evident from the more recent work of Cannon (35), Cannon 
and Washburn (30), and Carlson (1/1), that the sensation of hunger is 
caused by contractions of the stomach wall in contra-distinction to the 
older hypotheses in existence ; e. g., the theory that hunger is a general 
bodily sensation, that it is due merely to emptiness of the stomach, that 
it arises from hydrochloric acid in the empty stomach, and lastly, that it 
is due to turgescence of the gastric glands — “turgescence theory” of Beau- 
mont. Notwithstanding the large amount of literature upon the move- 
ments of the gastric motor mechanism, little has been done to establish 
the exact analogy of the gastric hunger contractions throughout the verte- 
brate series. Certain facts have been ascertained regarding the state of 
the fasting stomach in higher animals, and certain inferences have been 
drawn from these facts, but since the complex functions of man are un- 
ravelled many times from a study of lower forms it is of some physio- 
logical importance to have a series of similar investigations conducted 
on the remaining classes of the vertebrates and even perhaps upon cer- 
tain forms of the invertebrates. Up to the year 1916, however, all the 
principal work had been done on a single animal group, the mammalia, 
with the exception of a little uncompleted work on the group of the aves. 

The extensive studies of the author (168, 169, 170 , 171) on the gastric 
motor mechanism of the bullfrog has extended our knowledge consider- 
ably in the field of gastric physiology, and especially in comparative phys- 
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iology, which is alwa)s so important in giving ns clues to unravel the 
more complex mechanisms of physiologic behavior in man. 

A'arious investigators have worked with the spontaneous movements of 
the gastro-neuro-mnscular apparatus of poi kilo thermic animals, studios 
which have been confined principally to the frog under varying conditions. 
They have studied the excitatory and the inhibitory influences upon gas- 
tric motility, through its extrinsic innervation by means of electrical, 
mechanical and chemical stimuli, as well as the direct effects on this organ. 
With regard to the gastro-inhibitory effect of the vagus certain experi- 
ments upon the frog are of special interest. Volkinann ( 282 ), in 1841, 
found that if the medulla oblongata is destroyed or the vagi are cut, a 
lively peristaltic movement in the stomach is observed. Goltz ( 85 ), in 
1872, confirmed the above results, but neither of these authors was able 
correctly to interpret his findings ; the former could not yet think of inhi- 
bition, and the latter, although the interpretation suggested itself, could 
not conceive of the idea that inhibitory and motor-nerve fibers could be 
contained in the same nerve trunk. The appearance of a movement after 
the section of the vagi, in a stomach previously at rest, seems to indicate 
that in a normal state these nerves exert an inhibitory influence upon 
the stomach. 

The results obtained by Goltz ( 86 ) from curarized frogs which had 
been left unfed for some days previous to the beginning of the experi- 
ment showed, in addition, that the automatic movements of the frog’s 
stomach disappeared after the destruction of the brain and cord, as well 
as after the cutting of both vagi. According to this observation the vagi 
would contain inhibitory fibers for the stomach but, since the gastric wall 
remained in a more or less tonic condition and was not followed by ex- 
pansion as far as I am able to determine from a review of Goltz’s paper, 
the movements of the frog’s stomach itself must have been suppressed by 
the artificial excitement of the vagi. Furthermore, he states that the 
mere cutting of the vagus with scissors in close proximity to the esophagus 
gives rise to violent movements in the wall of the stomach. This would 
indicate the existence of motor fibers for the frog’s stomach. 

The presence of gastro-inhibitory fibers in the vagi have been eonclu- 
sively shown by Langley ( 1 17 ), Meltzer ( 144 ), May ( 138 ), and Cannon 
( 81 ), in mammals. According to Eroneeker and Meltzer ( 114 ), the 
tonus of the cardia for the rabbit at least is diminished or inhibited at 
the onset of each deglutition, and if many deglutitions follow one another 
in rapid succession, the tonus may be entirely abolished. This relaxa- 
tion of the cardia is of central nervous origin since it takes place even 
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when the esophagus is severed, but disappears when the vagi are cut. 
Auer (8) has reported that only a slight degree of reflex inhibition of 
the stomach is obtained through the vagi in rabbits. Von Openchowski 
(233) has described ner\e twigs of the vagi in the proximity of the 
cardia, from one of which he obtained by stimulation contraction, and 
from another relaxation of the cardia. According to May (132, 133), 
the vagi contain both motor and inhibitory fibers for the stomach mus- 
culature. Stimulation of the vagus produces two effects, namely, an in- 
hibitory or dilatory effect followed by an increase of gastric muscular 
tone and movements, the former predominating in the cardiac end of 
the stomach and the latter in the pyloric end. Similar effects were pro- 
duced by “anemia” of the stomach when it was suddenly produced. This 
author also believed that the splanohnics had no direct influence, either 
motor or inhibitory, oil the stomach muscular wall. Later investigations 
by Cannon and Murphy (38), and Auer (5), have shown that the in- 
hibition of the gastric movements of digestion is produced through the 
splanchnic nerves and ihe same has been verified by Carlson (Id, 45) for 
the gastric hunger contractions. 

Furthermore, it has been shown by Cannon (30) for the digestive 
movements and by Carlson (44, 45) for the hunger movements that the 
gastric tonus is largely maintained through the vagi. Mayer (134) has 
described three motor effects resulting from vagus excitation in the neck 
of rabbits, namely: (a) the cardial part of tire stomach becomes very stiff, 
then follows a subsequent contraction — pyloric wa\e. (b) The usually ob- 
served depression between the cardial and pyloric portions becomes more 
manifest and depressions in other parts are noted, (c) The whole 
stomach musculature passes into a state of tetanic contraction which per- 
sists a long time. Longct (Ul) did not obtain such results from vagus 
excitation in the neck of this animal. The discrepancy in the results was 
due to the fact that in the period of digestion the above mentioned effect 
of the nerve action is not manifested. Adrian (1) verified, by electric 
excitation of the plexus oudiaeus and its neighborhood, movements in 
the cardia and pylorus. 

The experimental work in connection with the excitatory and inhibitory 
movements of the frog’s stomach has not been confined alone to the vagus. 
Various other nerves under stimulation have been found to exert a marked 
influence on the gastric motor mechanism. Waters (237) noticed that 
strong stimulation of the third, fourth, fifth and sixth nerves in the frog 
at their exit from the spinal cord led to contractions of the stomach, as 
well as of the esophagus and sometimes of the small intestine. Stomach 
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and Wiener (216) ha\e described motor effects in the frog’s viscera as a 
result of stimulation of the posterior roots. According to these authors 
the stomach is innervated from the third, fourth and fifth spinal nerves. 
Dixon (68) verified the above results by stimulation of the rami com- 
municantes of the third, fourth and fifth spinal nerves, which corresponds 
to the origin from the spinal nerves described by Waters, and Steinacli 
and Wiener. According to this author stimulation of the rami com- 
municantes of the fourth spinal nerve produces tonic contraction together 
with augmented and more regular automatic stomach contractions. 
Stimulation of the third and fifth rami produces a similar but smaller 
effect. The vagus contains inhibitory fibers to tonus but upon excitation 
of this nerve augmented automatic movements usually result, but no in- 
crease in gastric tonus is ever observed. Muller and Liljestraud (15Jt) 
found the sympathetic division to activate the stomach of the frog. Fur- 
thermore, Contejean (69), in studying the innervation of the stomach 
of Batracliians, discovered that electrical excitation of the sympathetic 
caused no relaxation of the gastric reservoir; it even caused contraction, 
although to a lesser degree than excitation of the vagus. It is with the 
vagus and not with the sympathetic that this author has been able to 
provoke arrest phenomena in the peristaltic movements of the stomach, 
and he thinks the vagus acts especially on the longitudinal fibers while 
the sympathetic commands the circular fibers although they are prob- 
ably not absolutely dependent upon the sympathetic. He has also quite 
regularly provoked contraction of the pylorus in dogs by electrification 
of the vagus. Meltzer (US) learned that very weak excitation, when 
applied directly to the stomachs of dogs, cats, rabbits and frogs, caused 
contraction, if the electrode was placed on the outer side of the stomach. 
This varied somewhat with the animal used, but the main excitatory parts 
were according to him the pylorus, the cardia, and slightly the fundus, 
except in the case of the frog in which these points were not definitely 
localized. 

Battelli (10) studied the gastric movements under the influence of drugs, 
and draws the interesting conclusion that the vagus, by the inner branch 
of the accessorius, not only regulates the moving phases but also the inhi- 
bition phases of the stomach muscles. Doyon (71) found that excitation 
of the peripheral end of the vagus, under ordinary conditions in dogs under- 
going digestion — the nerve of the opposite side being intact — invariably 
provoked exaggeration of the stomach movements. But he never observed 
any clearly marked suspensory action of the nerve on the gastric reservoir, 
nor a diminution of the gastric tonus. According to this author an injec- 
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tion of pilocarpine or strichnine appears to favor the putting into play of 
the inhibitory power of the vagus nerve on the movements of the stomach, 
since excitation of the peripheral end of this nerve after the injection causes 
a decontraction of the gastric reservoir, followed by an exceptionally ener- 
getic contraction, and he suggests that these substances provoke a com- 
bined effect through the gastro-inhibitory and gastro-motor fibers of the 
vagus. Barbera (0) used the stomach sack method in investigating the 
spontaneous activity of the frog's stomach. The brain was separated from 
the medulla and two cannulas were introduced into the stomach; one into 
the cardia and held by an esophageal ligature, and the other through the 
pylorus and fixed by a duodenal ligature. The stomach was then filled 
with normal saline solution at a small pressure of from 3 to 4 cm. in the 
ascending cardial orifice and connected with a Marey apparatus for regis- 
tering the movements or alterations in its internal capacity. With such 
an arrangement, Barbera studied the effect of electrical excitation on the 
gastro-spontaneous movements, and concluded that the stomach muscular 
movements were reflex movements. Glaessner (84), with a somewhat 
similar arrangement, studied the effect of different substances (poisons) in 
the stomach. lie used a double cannula, instead of two single cannulas, 
which he introduced through the esophagus. Dixon (&>’) undertook a 
similar inquiry but used an internal pressure of from 10 to 20 cm. up in a 
frog's stomach. He thought that the optimal water pressure varied greatly 
with different animals and emphasized the fact that the spontaneous move- 
ment with his method exhibited greater regularity. 

There were generally differences of opinion among authors as regards the 
animals. Some thought that regularity and strength of the spontaneous 
contractions varied according to the animal, and that in the case of frogs, 
winter frogs were not suitable. Adverse ideas also existed as regards unfed, 
and fattened, frogs. Morisliima and Fujitaui (150) investigated the 
spontaneous movements of the frog's stomach (Esculenta) with a William's 
heart apparatus. They isolated the whole stomach in toio, but used only 
the part in the neighborhood of the pylorus, so that when the double-walled 
cannula was tied in the fundus the prepared “Magensack" constituted 
about one-third of the whole stomach wall. The pyloric end was closed 
by a ligature and the whole placed in Ringer’s solution into which a slow 
current of oxygen was led. These authors verified that regular and 
strong contractions are obtained with well fed frogs, and they do not 
think that the condition of the stomach — that is, full or empty — is of 
great consequence. Glaessner ( 84 ) used either freshly caught hungry 
frogs, or those confined a long time, fed on rain-worms, etc., and then left 
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without food for some clays before the experiment. Dixon (68) thought 
that hungry frogs such as Glaessner and others used gave more unsatis- 
factory results than normal animals, and that if kept in confinement for 
two months were quite unfit for use. According to Morishima’s and 
Fujitani’s experience (150), the stomach filled with food is the best for 
studying spontaneous movements, but in case of frogs kept a long time 
in confinement better results are obtained if frog-muscle or rain-wi rms are 
fed them some days before the experiment. More recently, llopf (Oi), 
with an arrangement similar to Barbara's, has shown conclusively that 
stimulation of the vagus in the frog can have the effects of inhibition and 
of excitation on the gastric reservoir. In order to obtain good results the 
stomach must be placed in a good condition of automatic contraction 
(motility). The phase of inhibition is then seen preceding that of excita- 
tion, and the excitation is stronger than the inhibition, the intensity and 
the duration of the current having little or no influence on the \ agus effect. 
According to this author there is a great distinction between fed and unfed 
frogs in the size and stability of the automatic stomach movements, but 
winter frogs give good results if previously fed. 

The comparative studies on the amphibia were made on the bullfrog 
(Rana cutesbiam ), better known in the fish markets as the “jumbo frog.” 
All the bullfrogs were obtained from the South, Louisiana, through local 
dealers in Baltimore and Chicago and were stomostomized ( Fig. 28) under 
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ether anesthesia. This simple operation ( KiU ) consists of making a circular 
opening on one side between the ramus of the inferior maxillary near the 
posterior angulosplenial region and the anterior cornua of the hyoid hone 
through the skin, the submaxillaris (mylohyoideus) muscie, and the lining 
membrane of the pharyngo-oral cavity (78), of sufficient size (about 8 nun. 
in diameter) to admit the balloon and the attached rubber tube which con- 
nects with the recording manometer (Fig. 29). This operation may be 
bloodlessly performed provided care is taken to avoid injury to the super- 
ficial vein (vena m axillaris inferior) which runs along the insertion of 
the submaxillaris muscle, and turns inward at its hinder border to join 
the lingual vein. Through this artificial opening or stomostomy, which 
usually heals in from three to four days so that the animal may be used 
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Fio. 20. — Diagram allowing method of recording gastric movements of the frog’s 
stomach. B, rubber balloon in stomach ; M, manometer ; F f cork float with i*ecording 
flag; L, manometer liquid (water) ; It, rubber tube connecting balloon with manometer; 
T, side tube for inflation of stomach balloon ; R, stomostomy ; R, esophagus ; Rt. stomach. 


lor experimental tests with normal results* is introduced the delicate rub- 
ber balloon by means of a glass seeker. Then by opening the frog’s mouth 
the balloon may be carefully pushed into the stomach with the seeker* 
through the short esophagus* which may be greatly enlarged. Yet* when 
empty* it is completely closed by folding of the walls. In this position 
the balloon may be inflated through a glass T-tube and the desired pres- 
sure obtained in the manometer. The rubber tube passing through the 
stomostomy to which the balloon is attached lies in the posterior part of 
the pharyngo-oral cavity under the free edge or at the side of the tongue* 
and thereby eliminates any possibility of the stomach pressure fluctuations 
on the balloon which are transmitted by air transmission to the surface of 
the liquid in the manometer, being partially or entirely shut off. This 
would be the result if the flexible rubber tube passed between the jaws and 
the animal could bite upon the tube. Like the gastric fistula in dogs there 
is not much trouble in the way of closing up of the stomostomy as long as 
the animal is being used daily, but when unused it usually closes up com- 
pletely in from five to twenty days in the bullfrog. The opening appears 
to be of practically no inconvenience to the animal. It will have to be 
admitted that practically all the methods previously used by investigators 
for studying the spontaneous movements of the frog^s stomach were more 
or less pathological in their entirety, while the method used by the writer 
allows the animal to remain in a perfectly normal condition at all times* 
since the stomostomy in the floor of the mouth does not interfere in any 
way with the normal physiological activity of the gastric motor apparatus 
or any other system of the body. The large species of frog is also superior 
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with this method, since more accurate results are usually obtained from 
larger animals. 

During the recording of the gastric hunger movements, the animals 
were placed individually in small laboratory table sinks, 7 by 10 inches, 
and 5 inches in depth. The bottoms were covered with several layers of 
filter paper partially to close the outlet, and water was allowed to drip 
very slowly from the faucet. Each sink was then covered, with the ex- 
ception of a very small opening for the passage of the rubber tube from 
the balloon in the frog’s stomach to the manometer. With this arrange- 
ment the animals were practically concealed from all disturbing influences 
and in the sinks, darkened as they were by opaque covers, the animals felt 
themselves securely hidden and would remain very quiet for long periods 
of time. Two animals were always used at the same time, the one as a 
control on the other, and the same tests were always applied to both. For 
the temperature experiments it was necessary to use different devices. To 
determine the effects of raising the temperature, upon the movements of 
the gastric hunger apparatus, the animal was placed in a glass cylinder of 
7.5 inches in diameter and 6 inches in height, having a 2.75 inch raised base 
of wire gauze covered with a circular galvanized iron plate, the size of the 
interior of the cylinder. The animals stood upon the raised base and oc- 
cupied the upper 3.25 inches of the cylinder. The top of the cylinder was 
provided with a wooden cover containing two small openings, one for a 
thermometer, and the other for the rubber tube from the balloon. Around 
the glass cylinder was wrapped a dark colored wet towel to darken the 
interior, and the whole was placed in a large vessel containing water at 
ordinary room temperature, and rising within about one-half of an inch of 
the galvanized iron plate within the cylinder. The temperature of the 
water was now very gradually increased at the rate of about 1 0°C. per three 
hours, and continuous records of the hunger movements were recorded. 
On the other hand, the effects of cooling or lowering the temperature was 
determined by placing the animal in a box 12 by 10 inches, and 8.5 inches 
in height, the sides of which were covered with one-quarter inch mesh 
wire gauze. The top and bottom were of wood. Around the sides and top 
was placed a dark colored wet towel to darken the interior as in the case 
of the cylinder above, as well as to shut out all possible disturbing influ- 
ences. The animal, so arranged, was placed in a refrigerator, the door of 
which had been previously left open until the temperature of its compart- 
ment reached approximately that of the ordinary room temperature. The 
temperature, obtained by a thermometer in the box, was lowered by the 
gradual closing of the refrigerator door, at the rate of about 10°C. per 
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three hours, while continuous records were being taken. However, in one 
case where it was desired to reduce the temperature to a very low degree, 
a freezing mixture of cracked ice and salt was packed around the glass 
c} T linders above described and the animals then placed in position and con- 
nected with the recording apparatus. As might be expected, this* did not 
ghe nearly as satisfactory results as did the refrigerator method, since 
the temperature was reduced too rapidly. However, this very low tem- 
perature did bring out certain additional facts of rather great importance, 
which the other method did not. All the records from the frog were taken 
on a slowly moving drum xevohing at the rate of about fifty minutes per 
revolution. 

THE CHARACTER OP THE MOVEMENTS OF THE EMPTY STOMACH 

The recorded observations upon the activity of the gastric hunger mech- 
anism of the frog have numerous points of dissimilarity as compared to 
the numerous observations already on record for higher animals. Thus, 
Carlson (-4#) has demonstrated that the empty stomach, during prolonged 
fasting, exhibits three types of motor activity, for a description of which 
the reader is referred to another section of this paper. (See p. 228.) 

In the frogs under observation there were no tonus changes observed, 
not even in prolonged fasting. This would seem to confirm the work of 
Dixon ( 6S ) on the vagus of the frog, namely, that excitation of this nerve 
causes no increase in gastric tonus although augmented automatic move- 
ments usually occur. Since the different types of these hunger contrac- 
tions are dependent upon the degree of tonus of the stomach, and since 
there are no tonus changes in the frog’s stomach, it would be expected that 
only one type ot hunger contraction would be exhibited by this animal, and 
this was found to be the case. This particular type of contraction shows 
an average duration of about one and three-fifths minutes, and the inter- 
vals between the contractions vary from sixteen to thirty-three seconds. 
These contractions arc very powerful and are evidently analogous to the 
thirty-seconds rhythm in man and dog (type I contractions) but the in- 
dividual contractions are very much more vigorous, that is, if we take into 
consideration fhe body weight of the frog as compared to the body weight 
of the above mentioned animals.* In fact, they even excel in strength and 
amplitude the most powerful contractions from cither man or dog in pro- 
longed fasf ing (Fig. 30) . In general appearance the contraction is rather 
slow, the curve is perfectly smooth and shows no smaller superimposed 
waves, and there is no indication that the contractions fall into groups, 
separated by intervals of relative quiescence. In the higher animals the 
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hunger contractions are periodic and represent simply more vigorous 
peristaltic movements during which the stomach becomes markedly hyper- 
tonic (11 1, 20A)- On the other hand, the gastric hunger contractions of 
the frog are continuous and show a definite regularity which goes on hour 
after hour and day after day, with no periods of rest except for the few 
seconds* pause between each individual contraction. This corroborates 
the work of Morishima and Fujitani (150) on the frog (Esculenta) that 




Pig. 30. — Hunger contractions of the frog’s stomach after twelve clays’ fast. A, out- 
line of stomach (as seen by X-ray and bismuth baUoon), between hunger contractions 
with stomach relaxed. B. outline of stomach at the height of a moderately strong 
hunger contraction. C, outline of stomach at height of a very btrong hunger contraction. 
Water manometer. 

very regular curve tracings may be taken hourly, eventually ten hours, 
and they have published a series of these normal curves selected at definite 
intervals which extend over a period of about eight and one-half hours 
from the beginning of the experiment. This corroboration is all the more 
valuable, as the method employed by these authors is totally different from 
the one used by myself. It was also found that when the pressure in the 
balloon in the frog’s stomach was increased, it increased the pressure in the 
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manometer only momentarily, tlie stomach simply dilating to accom- 
modate itself to the increased size of the balloon. This may be repeated 
several times with apparently no change in the contractions or increase in 
the manometric pressure except temporarily, but finally a limit of stomach 
expansion will be reached, in which further to increase the pressure by 
blowing reasonably will be impossible, and at the same time the mano- 
metric pressure will be markedly increased. This, no doubt, is an adaptive 
accommodation which this low form of vertebrate animal possesses, since 
the periodic habit of feeding is unformed and when food is abundant it 
eats greedily, the stomach dilating to act as a reservoir for the food. 

TIIE INHIBITION BY ACID AND ALKALI 

It is now demonstrated that the tonus and the hunger contractions of 
the empty stomach in man and dog are temporarily inhibited by mechanical 
and chemical stimulation of the nerve endings in the mucous membrane 
of the mouth, in the esophagus, and in the gastric mucosa {42, 42, 44, 4o ) . 
Similar stimulation, when applied to the intestinal mucosa, also pro- 
duces the effect of gastric inhibition {26 ) . This inhibition is initiated by 
stimulation of nerve endings in the gastric mucosa, and not by mechanical 
tension or pressure on the stomach wall. The results on normal frogs com- 
pare generally with those on man and dog already reported, with some few 
exceptions. When water, sodium carbonate — 1 per cent, solution — and 
hydrochloric acid — 0.5 per cent, solution — are introduced very slowly into 
the empty stomach of the frog, through a small rubber tube passing 
through the stomowtomy, they invariably produce inhibition varying in 
degree with the stimulating power of the substance introduced. The dura- 
tion of tilt 4 inhibition depends upon the quantity and nature of the ma- 
terial introduced into the stomach and not so much upon the degree of the 
hunger contractions as in the case of the higher animals, since there are no 
tonus changes and only one type of contraction exhibited by this animal, 
in normal frogs 5 to 10 ee. water introduced directly into the stomach 
through the tube usually produces a weakening of the contractions (Fig. 
31 A), but never in any of my experiments have I witnessed complete 
inhibition of the gastric movements. The partial inhibition is seen to 
come on very gradually, as is indicated by a lessening in the amplitude of 
the hunger contractions, which usually extend o\er a period of from ten to 
fifteen minutes followed by a gradual reeo\erv to normal. The water so in- 
troduced was at ordinary room temperature and should correspond approxi- 
mately to the temperature of the frog's body; therefore the water in the 
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stomach must have produced the temporary inhibition through a stimula- 
tion of the nerve endings in the gastric mucosa, for an explanation of which 
the reader is referred to a later section of this paper. (See p. 233.) The in- 



.1 





Fig. 31. — Records from the frog’s stomach after fourteen days’ last, showing the 
inhibitory effects produced by different substances when introduced into the stomach. 
Tracing A : At x 10 cc. water introduced directly into the stomach. (The slight drop in 
tonus after x was due to bubbles of air escaping through the manometer.) Tracing B : 
At x 5 cc. of 1 per cent, solution of sodium carbonate introduced directly into the stom- 
ach. Tracing C : At x 5 cc. of 0.5 per cent, solution hydrochloric add Introduced 
directly into the stomach. Water manometer. 

troduction of 5 cc. sodium carbonate, 1 per cent, solution, directly into the 
stomach, produces a more marked inhibitory efE ect than does the wateT ; 
the contractions may be greatly weakened or they may be completely inhib- 
ited for one and one-half to two minutes (Fig. 31 B). Five cubic centi- 
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meters hydrochloric acid, 0.5 per cent, solution, causes complete inhibition 
of the hunger contractions for periods ranging from seventeen to twenty- 
five minutes (Fig. 31 0). The duration of the inhibition in the case of 
acids and alkalies seems to be directly proportional to their concentration 
and the total quantity introduced, always being more marked in the case 
of the acid. The cessation of the inhibition by these substances probably 
marks their passage into the intestine, or their fixation and neutralization. 
The inhibition of the gastric contractions in the frog varies from that of 
the dog and man in that they are not immediately produced after the in- 
troduction of the substance into tire stomach. There are usually, however, 
from one to four or five strong contractions before the inhibition becomes 
complete. This would seem to indicate that the gastric reflex apparatus 
of the frog had not reached the high degree of efficiency found in the 
stomachs of higher animals. 

When water, alkali or acid of the above concentration, and in amounts 
as used for the stomach, were introduced directly into the mouth cavity of 
the frog through a small rubber tube which barely passed through the 
stomostomy into the mouth, it was found that the inhibitory effects pro- 
duced were very slight and perhaps might even have been negative alto- 
gether were it not for the fact that some of the solution probably finds 
its way very soon into the stomach and there may produce inhibition by 
coming in contact with the gastric mucosa. These observations on the 
difficulty of inhibiting the hunger mo\ ements from the mouth are in agree- 
ment with those reported by Rogers ( 200) for the rabbit and by King and 
Connet (ill) for the guinea-pig, except that in these two animals the 
reflex inhibitory mechanism of the stomach from the mucous membrane 
of the mouth appears to be entirely absent, since these authors have obtained 
only negative results. The above mentioned substances, when placed into 
the mouths of higher animals (dog and man), produce a marked inhibi- 
tion of the gastric hunger movements reflexly. Therefore, it would be 
reasonable to believe that the cerebral processes are not so highly developed 
in those animals, the frog included, as in the case of man and the dog. 
Tt was impossible io try any of those experiments on the turtles because of 
the viciousness of these animals. Reflex or psychic inhibition of the hunger 
contractions in both the frog and the turtle was obtained by showing these 
animals a small live grass frog on a covered glass plate. This agrees with 
the results obtained from dogs that the sight or smell of food leads to 
temporary inhibition of the gastric hunger contractions. Anything which 
frightens, annoys or angers these animals also leads to temporary inhibi- 
tion of the contractions. 
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THE MOVEMENTS OE TIIE EILLED STOMACH AND THE EMPTYING TIME 

In the higher animals (dog and man) there is a marked distinction 
between the gastric movements in normal digestion and the gastric hunger 
movements of the empty stomach. Acids in concentrations equal to that 
of the gastric juice when introduced directly into the stomach do not 
inhibit the movements of the stomach in digestion but will inhibit the 
hunger contractions (4d). In the rabbit (200) and in the guinea-pig 
(111) these two types of gastric contractions are less sharply differentiated, 
although during fasting the stomach activities may be greatly augmented. 
In the case of the rabbit the inhibitory action of acid 11 gives the same general 
results as for the higher animals, with the exception that the effect appears 
to be less pronounced. In the guinea-pig, according to King and Connet 
(lit) acid placed in the stomach gives negative results. 

Since the cannibalistic traits of the bullfrog are well known (fld), it is a 
very easy matter to obtain these animals with a filled stomach, and further- 
more, if the animals are kept in separate compartments, the amount of 
food can be controlled at any one feeding. The animal when hungry 
usually captures its prey (small frog) by the anterior portion of the body 
as soon as it strikes the water, and swallows it alive, and I have several 
times observed one of these animals to devour as many as four adult grass 
frogs in as many minutes and have watched with intense interest the 
struggling of the smaller frogs in the stomach of the larger. At times they 
would appear to crawl up into the esophagus when it would become neces- 
sary for the larger frog to swallow vigorously several times in order to 
keep them down. However, these animals are soon asphyxiated since the 
large esophagus is completely closed by foldings of its substance and there- 
fore effectually prevents any accession of air into the stomach. The frogs 
for the experiments were usually fed two live grass frogs each, and after a 
period of from thirty minutes to one hour, in order to allow sufficient time 
for asphyxiation, the balloon was introduced into the stomach and con- 
nected with the recording apparatus. Uecords of the frog shortly after 
feeding (Fig. 32 A) when compared with the normal hunger records 
(Fig. 30) show but very little change, if any, from the stomach of the 
hungry animal. The only observable variation is, perhaps, a very slight 
increase in the rate of the contractions. This is in confirmation of the view, 
put forth by Morisliima and Fujitani (l~>0), that the stomach, full or 
empty, is not of great consequence as regards the regularity and intensity 
of the spontaneous movements, although they did not offer sufficient proof 
to uphold their hypothesis. These facts contradict the ideas of llopf (04), 
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who claims that there is a great distinction between fed and unfed frogs 
in the size and stability of the automatic stomach movements, and it is 
probable that the method which he employed was partly at fault, and 
pathological. 

The question arose in respect to how long it required for the stomach 
to empty itself after feeding. This was determined after feeding the 



Fio. 32. — Normal digestive peristalsis of frog’s stomach. A, throe hours after feeding 
it two small live grass frogs. R, same animal ten hours after feeding, food still In 
stomach. At x 30 co. water Introduced directly into stomach producing temporary 
Inhibition. Water manometer. 


“jumbo’" one small frog and then examining from time to time the stomach 
contents by inserting a pair of forceps through the mouth and esophagus 
into the stomach, and exposing the digesting animal. 1 was also interested 
to find in reviewing the literature, after completing the experiments, that 
this same method was used by John R. Young (2^0) of Maryland, in 1803, 
in determining the rate of gastric digestion in the frog as a part of a 
medical dissertation submitted to the University of Pennsylvania (pub- 
lished in 1805). However, after some experience, I could determine its 
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condition by palpating over the region of the stomach, and I found by 
both of these methods that it required from forty-eight to sixty-eight hours 
for the stomach completely to empty itself. With larger feedings of two, 
three and four small frogs, the stomach would evidently require a longer 
period to empty itself. Young did not determine the total time necessary 
for the stomach completely to empty itself ; he simply studied the rate of 
digestion. In regard to the introduction of water, alkali or acid, it was 
found that they produced similar inhibitory effects in both the hungry and 
the filled stomach of the frog (Pig. 32 B), whereas in the case of the higher 
animals, these same substances inhibit the hunger contractions but have no 
effect upon the gastric peristalsis with but one exception — the guinea-pig, 
in which these substances have no effect whatever on either the hunger or 
the peristaltic movements. This is a little out of harmony with the results 
obtained from other animals, and one would naturally expect from a com- 
parative standpoint that this animal, judging by the position it occupies 
in the animal scale, should possess a reflex inhibitory mechanism from the 
gastric mucosa. King and Connet ( 111 ) state that they had difficulty 
in introducing substances directly into the stomach but in a few instances 
succeeded in introducing about 1 cc. of the various substances. Had they 
introduced more of these substances would they not have brought out the 
reflex inhibitory mechanism of this animal ? From the above results it 
would appear that in the frog, at least, we have a much simplified gastric 
mechanism which, through the processes of evolution, has in the higher 
animals differentiated into the gastric digestive peristalses and the gastric 
hunger contractions, the latter of which perhaps may be described as inten- 
sified gastric digestive peristalses. Thus, the automatism of the gastric 
mechanism of the various classes of vertebrates apparently stands in corre- 
lation with the degree of development and influence of the central nervous 
system. 

TUB INFLUENCE OF TEMPERATURE ON THE GASTRIC ACTIVITY 

The influence of temperature on the gastric hunger activity, seasonal 
variations, and hibernation, in the frog, must be considered under two 
heads : First, the accelerating action of increased temperature on the chemi- 
cal processes involved; and second, the inhibitive or retarding action of 
very high or very low temperatures. Biologic phenomena are undoubtedly 
largely the result of chemical reactions going on within the living sub- 
stance, and consequently we would expect that the well-known rule of 
van’t Hoff and Arrhenius concerning the velocity of chemical reactions 
in relation to temperature, should apply: that is, for each increase of 
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10 c C. in temperature the velocity of a reaction is doubled or trebled. 
Thus, the above rule, within certain limits, has been verified by Riddle 
(19G) on the process of digestion in cold-blooded vertebrates; by Rogers 
(19S) and Galeotti and Piccinini (SI) on the rate of the heart beat for 
vertebrates and invertebrates; by De Bonis and Midulla (65) for the 
movements of the frog*s stomach by the stomach ring method; and for 
many other physiological activities. 

Tables 111 and IV show the results obtained from the experiments with 
the number of contractions executed in the unit of time. The temperature 
coefficients were obtained as quotients from the formula used by Riddle 
( 190). See p. 104. 

TABLE III 

Raising the Temperature 


Number of contractions per 

12 minute intervals — 
room temperature 

, Number of contractions per 

12 minute intervals after 
increase of temperature 

1 Temperature 
coefficient 

23.5° C. - rate of 5 

32.5° C. ■= rate of 9 


25° C. = rate of 6 

32.75° C. = rate of 10 

2.15 

24.5° C. » rate of 6 

32.25° C. - rate of 10 

2.15 


TABLE IV 

Lowering the Temperature 


Number of contractions per 

12 minute intervals — 
room temperature 

Number of contractions per 

12 minute intervals after 
decrease of temperature 

Temperature 

coefficient 

20° C. = rate of 7 

14° C. = rate of 5 i 

2.33 

19° C. = rate of 4 

14° C. = rate of 3 

2.66 

21° C. =* rate of 6.5 

14° C. « rate of 4 

2.32 


An examination of the data in the foregoing tables shows that the 
gastric hunger contractions of the frog, within certain not very wide 
ranges of temperature, follow the rule of van’t Hoff and Arrhenius, and 
furthermore, that the relation between the contractions and the tempera- 
ture is maintained either when the animal passes from a lower to a higher 
temperature, or vice versa. ITence, it may be concluded that the gastric 
hunger contractions of the neuro-muscular apparatus is essentially depend- 
ent on chemical processes which are evolved within the stomach muscle 
itself. In table IV, where the temperature was diminished, there appears 
to be an increase in the value of the coefficient as zero is approached, which 
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is entirely in harmony with the observations of Riddle (196), and Rogers 
(19S ) . The observations in tables III and IV were made during the month 
of August, 1913, and three separate animals were used for the results in 
each table. The findings herewith set forth were verified by control 
experiments. 

I have also been able to carry through a sufficient number of experiments 
to determine the exact points at which high and low temperatures abso- 
lutely inhibit the gastric hunger contractions. The temperatures at which 
the hunger contractions are completely inhibited are practically constant, 
for both high and low temperatures, and do not vary more than 0.5° C. in 
either direction in all the experiments. The average temperatures at which 
these contractions are completely inhibited is 35° C. for the high tempera- 
ture and 13° C. for the low temperature. Lowering the temperature 0.5° 
or at the most 1° in the first case, or raising the temperature 0.5° or at 
the most 1° in the latter case, starts the gastric hunger contractions again. 
These experiments were also performed during the month of August, 1915. 
The intensity of the contractions have a maximum between 15° C. and 
32° C. and a minimum at lower or higher temperatures; that is, up to 
that limit where gastric standstill is produced. Raising the temperature 
also increases the strength of the contractions as well as the rate, but this 
effect disappears sooner than the effect of increased rate. 

It is a well-known fact that amphibians may be cooled down to -1° C. 
(29), and that their limbs may be frozen in ice (SO), and that they 
may survive if the heart is not frozen. But just how does this freezing 
temperature affect the gastric mechanism ? Two of the animals were sub- 
jected to temperatures of 7° 0. by means of the freezing mixture already 
described. The hunger contractions were, in a short time, completely in- 
hibited, and the limbs of the animals froze and became stiff and hard and 
when removed later from the cooling chamber and placed on the table 
they rattled like stones, although their bodies were not completely frozen. 
Both the animals appeared lifeless except for a very slow heart beat and 
infrequent respirations, and their eyes were closed as if they were asleep. 
One hour later at room temperature these same animals broke the stillness 
of a mid-summer’s night by croaking and began to show feeble gastric 
contractions which increased in intensity during the next twelve hours 
but never reached the normal. These observations indicate that the gastric 
mechanism is capable of movement at all seasons of the year and even in 
hibernation when given the suitable temperature. If the temperature 
change is gradual, as at the rate of 10° per three hours, the animal is not 
disturbed but passes into a drowsy or sleepy state. 
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X-RAY feTUDI Eb OX THE GASTRIC MOTILITY 

The general characteristics of the stomach movements in the frog have 
been discussed. We ha\c now to consider the genesis of these movements. 
Two methods of investigation were used, namely, the X-ray and the ex- 
cised stomach. The X-ray method consisted of introducing into the stom- 
ach a double walled balloon, the walls of which were separated by a thin 



Fig. 38 — X-raj photograph of 
the bismuth bal.oon in the frog’s 
stomach when the graphic record 
shows the stomat h to be quiescent. 


layer of bismuth .subnitrate mixed with vaseline to form a thin paste 
(20 If). The balloon was then connected with the usual recording ap- 
paratus and the fluctuations of the float in the manometer served as an 
indicator for studying the different phases of the gastric movements with 
the X-ray. From the X-ray studies made on the frog’s stomach by means 
of this bismuth coated balloon, the gastric hunger contractions were 
found to be peristaltic, tlic peristaltic waves originating within about 1 
cm. of the cardia and then advancing rhythmically over the entire stomach 
toward the pyloric end, and increasing in strength as they proceeded. 
These observations on the peristaltic activity of the stomach are in agree- 
ment with the X-ray findings reported by Bowditch (22) in the dog, cat. 
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labbit, guinea-pig and rat, and by Roux and Balthazard (206, 207) in 
man, dog and frog. For the X-ia^ obbenations the frogs were placed in 
the box already described for the coolmg experiments and this was then 
plated o\ei the tube generating the lays, which was properly protected. 
Thus, by looking through a fluoroscope, the gastric hunger peristalsis 
could be watched with the X-rays. A series of X-ray photographs was 
taken of the balloon in the frog's stomach during the periods of rest and 
at varying intervals during the period of gastric hunger contraction, the 
special radiographic plate being inclosed in the red envelope and care- 



Fi(« ,14 — Xitij photograph of the 
bismuth balloon m the frog's stomach 
at the height ot a model ate hunger 
conti action 


fully placed on the frog's back (Figs. 33, 31 and 3. r )), In every ease 
the contraction and the relaxation of the stomach corresponded precisely 
with the graphic record (Fig. 30). 

The studies on the excised stomach showed the same general phenomena 
as presented In the X-ray observations above. The stomach was removed 
with the esophagus and the intestine. The balloon was introduced into 
the stomach and the esophagus ligatured to the tube upon which the bal- 
loon was attached. This was connected with the recording apparatus and 
the stomach was placed in Ringer’s solution at 30.S°C., which had been 
found by the temperature experiments to be a most favorable temperature 
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for gastric activit}', and into this solution was led a slow current of oxygen. 
The rate of the contractions increased but the amplitude was lessened as 
compared to the normal gastric movements (Fig. 36). In other words, 
the stomach had lost its regulatory apparatus, the extrinsic nerves which 
go\ern normally the rate, size and strength of the gastric movements. 
These contractions from the excised stomach showed an as erage duration 
of about thirty seconds with practically no internals of rest between the in- 


Fig 3.*> — X ray photograph of 
the hibmuth balloon in the frog's 
stomach at the height of a very 
stiong liungei contraction 


dividual contractions. Increasing the pressure m the balloon does not 
necessarily raise the tonus ; the stomach simply dilates until the limit of 
expansion is reached. This confirms the results on the living animal, 
obtained from tlie stomach in situ, which have already been described. 
Dropping the temperature even a lew degrees reduces the Bize of the con- 
tractions. The curves show a distinct tonus rhythm with practically no 
changes in the general gastric tonus. The stomach also shows contrac- 
tions with an uninflated balloon in it, as well as when it is completelj 
empty and collapsed, but the peristaltic contractions are feeble, due to 
the fact that the orgau is collapsed and riot in a suitable condition to ex- 
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hibit the full strength of the contractions. The cardia, howe\er, is the 
first part of the stomach to exhibit motor activity and the last part to 
show it. The peristaltic wa\es appear to originate at the upper end of 
the gastric tube at a tonus ring near the cardia, which forms a more or 
less marked depression known by X-ray workers as the ^mcisura cardiaca” 
(Si), and from this point the waves sweep over the stomach toward the 
pyloric end as in the case described under the X-ray observations. The 
peristalsis observed in the frog's stomach does not always hear the char- 
acter of rapidly running waves, but in certain cases may ha\e a tonic 
character similar to the tonic contractions forming deep rings, thus giving 
tlie stomach the form of an hour-glass. But when these contractions are 
carefully analyzed, they are found to be peristaltic throughout. These 
observations are in confirmation with those of Pletneff (l Si)) on the 
isolated stomachs of cats and pups, with the exception that the peristaltic 
wa\es begin at the middle of the stomach rather than near the cardia, hut 
they are contrary to the findings of Dixon (OS) and Moiishima and Fuji- 
tani (1^0) who claim that the contractions of the stomach wall follow 
no strict conformable order and that the contraction rings generally show 
little tendency to spread. Therefore, according to these authors, the 
movements of the frog’s stomach are not peristaltic. However, X-ray 
observations by various investigators have conclusively shown the move- 
ments of the stomach to be peristaltic. 

THE EFFECT OF DKCEREBRATION ON THE GASTRIC ACTIVITY 

We know, particularly through the researches of Carlson (4‘2) on the 
higher animals (man and dog), that the gastric hunger contractions are 
inhibited by psychic stimuli, and that at least in the dog they continue 
even after the stomach has been isolated from the central nervous system 
bv section of the \agi and splanchnic nerves. Under these conditions stim- 
ulation of the gastric mucosa also produces the characteristic reflex in- 
hibition but to a lesser degree than normally. It is also known that the 
stomach passes into a permanently hypotonic condition after 'double vagot- 
omy (M). King and Comiet ( 111), working with decerebrate guinea- 
pigs, lme reported that the rate of the gastric contraction is increased, 
although similar in character to those from the normal animal, and also 
that the stomach becomes hypertonic. However, in the frog the gastric 
hunger contractions are not affected by the removal of the cerebral hemi- 
spheres, the graphic record of the normal and the decerebrate animal re- 
maining practically the same (Fig. 87 A and B). Since the removal of 
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this organ produces no apparent effect on gastric motility, it may be in- 
ferred that what controlling influence the brain exercises over the stomach 
of this animal comes from centers in the mid-brain and medulla and not 
from those of the cerebrum. This idea is in agreement with the more re- 
cent work of Miller (1-kS) on dogs, who by means of unipolar stimulation 
in the floor of the fourth ventricle has localized in the dorsal vagus 
nucleus (ala cinerea) centers for cardiac inhibition and for nnnements 
of the stomach and small intestine. In the higher animals cerebral 
processes of pleasantness, such as the appearance of a friend, and un- 
pleasantness such as fear, anger, fright, etc., reflexly inhibit the rate 
and tonus of the gastric movements, whereas in the case of the frog 
similar reflex inhibitory action on gastric motility is only exhibited to 
a very slight degree. This demonstrates again the simplified gastric 



Fig. 00.— Tracing from the excised stomach of the frog, showing a marked tonus 
rhythm. Water manometer. 


mechanism of the frog and that the cerebral processes exert no appre- 
ciable influence on the gastro-neuro-nmscular apparatus. Eight ani- 
mals were decerebrated, all of which confirmed the above results, even 
one in which the semi-circular canals were injured, and all exhibited the 
characteristic exaggeration of the reflexes. In figure 37 B the contrac- 
tions do not appear quite as high as in the normal animal. However, in 
other cases they have been found even to exceed the normal. 

To summarize : the simpler gastric mechanism of the frog does not show 
the distinction between the digestive peristalses and the hunger contrac- 
tions, present in the higher animals. There is no increase in gastric tonus 
and the hunger contractions are practically continuous. The hunger con- 
tractions are inhibited or weakened by the introduction into the stomach 
of small quantities of water, weak alkali, and acid, but the inhibitory ef- 
fects are not produced as quickly as in the higher animals. When these 
substances are introduced into the mouth of the frog, the inhibitory ef- 
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fects are very slight, but when introduced into the filled stomach of the 
frog they inhibit the digestive peristalsis in the same degree as they in- 
hibit the hunger contractions of the empty stomach. In the higher ani- 
mals normal digestive peristalsis is not inhibited by these substances in the 
same amounts. During prolonged fasting the hunger movements arc 
greatly augmented and the contractions show a marked increase in the 
amplitude, directly proportional to the length of the fast, but no increase 
in gastric tonus. In the higher animals like the dog there is a marked 
increase in the gastric tonus in prolonged fasting, and this increase is 
inversely proportional to the decrease in the amplitudes of the hunger 
contractions. 



Fig. 37. — Records from 
the stomach of the normal 
and decerebrate frog. A, 
contractions from the nor- 
mal stomach after three 
and one-half days’ fast, 
stomach empty. B, con- 
tractions from the same 
animal’s stomach, twenty- 
one hours after decerebra- 
tion. Note that the contrac- 
tions in A and B are practi- 
cally identical in rate and 
form. Water manometer. 


The hunger contractions of the frog's stomach are completely inhibited 
at 13 °C. for low temperature and at 35 °C. for high temperature. Raising 
the first temperature or lowering the second 0.5°, or at the most 3 °, starts 
the hunger contractions again. Furthermore, the gastric hunger activity 
is proportional to the climatic changes in temperature within certain 
limits, as is indicated by van't Hoffs rule. The movements are peristaltic 
and the waves start near the cardia at the ^ineisura eardiaca.” The stom- 
ach of the decerebrate animal behaves in the same manner as that of the 
normal frog. 

Much has been written concerning the excitatory and inhibitory in- 
fluences of the vagi and splanchnic nerves upon the gastric motility and 
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a rather thorough re\iew of the literature covering this phase of the ques- 
tion has already been discussed. In addition, the distribution and func- 
tion of the nenes innervating the visceral and vascular systems in croco- 
diles and alligators was worked out by Gaskell (S2). He found that 
stimulation of the peripheral end of either vagus above or below the 
ganglion trunei vagi invariably led to a contraction of the stomach mus- 
culature. After section of the cervical vagus above the ganglion, with 
subsequent degeneration of its fibers, stimulation above the ganglion almost 
invariably produced no effect whatever on the esophagus and stomach, 
while stimulation below the ganglion almost invariably caused marked 
peristaltic contraction. Gaskell came to the conclusion that the fibers 
which innervate the thoracic portion of the esophagus and the stomach, 
and in all probability the intestines, degenerate only in the portion which 
is above the ganglion, and not in the portion below the ganglion ; and that 
the nerves for the upper part of the esophagus and the inhibitory fibers 
of the heart have no connection with the nerve cells of the ganglion trunei 
vagi, while the motor nerves for the rest of the esophagus and the upper 
portion of the remainder of the alimentary canal are in connection with 
the cells of that ganglion — a connection by which the motor fibers pro- 
ceeding peripherally from the ganglion, but not the motor fibers which 
pass to the ganglion, are prevented from degeneration. 

Furthermore, the recent observations, by the balloon method, of Crohn 
and Wilensky (61) on gastric behavior, have shown that in atony of the 
stomach the hunger contractions disappear and in advanced cases the tonal 
waves also, while in purely secretory or other functional disturbances both 
kinds of waves persist. 

In this series of experiments, normal contractions of the empty stomach, 
extending over a period of several days after stomostomy, were obtained 
from each animal, and then each of these animals was operated on a sec- 
ond time. In this second operation, either both vagi or both splanchnic 
nerves, or both the vagi and the splanchnic nerves together, were sectioned, 
followed after recovery in each case by a series of tracings from the empty 
stomach. The animals were anesthetized with ether. Aseptic precau- 
tions, as far as possible, were at first followed, but later this was found 
to be unnecessary as no infection developed in any of the animals when 
such procedure was not followed. The vagi were sectioned in the region 
of the neck. Two oblique incisions were made through the skin on either 
side of the median line, ventral, about 1 cm. distant, and close to the 
anterior tips of the shoulders as represented by a line drawn from this 
point laterally, 1 cm. to 1*4 cm. in length, to a point slightly posterior, 
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and just internal to, the articulation of the superior and inferior maxillary 
bones on either side. These two incisions exposed the cervical fascia on 
either side at its attachment along the anterior scapulo-clavicular borders. 
Here there are few blood \essels and if the fascia is carefully separated no 
hemorrhage results. As soon as this region is passed the fascial separation 
becomes very easy until the thin sheet of prevertebral fascia is reached, 
which is about on a line of the transverse processes passing obliquely down- 
ward and inward from the base of the skull and extending into the 
thorax. This latter sheet of fascial membrane is now pierced, which 
exposes the levator anguli scapulae muscle, over the anterior border of 
which courses the vagus nerve and the internal jugular (Vena jugularis) 
and musculo-cutaneous (Vena musculo-cutanea) veins. The incision is 
held open by the spring of a small pair of forceps (preferably curved 
points) and then by means of a small pair of mouse-toothed forceps the 
nerve is carefully separated from the adjoining \eins to which it is bound 
by connective tissue. This is best accomplished by freeing the nen e either 
between the two veins mentioned or just lateral to the internal jugular vein 
at the anterior border of the levator anguli scapula' where it crosses, and 
sectioning the nerve just below the origin of the recurrent laryngeal 
branch. Section of the nerves at this point destroys not only the gastric 
branches to the stomach but also the pulmonary and cardiac brandies 
destined for the lungs and heart. Attempts were made at first to section 
only the gastric branches, but as these branches were so small and so 
deeply embedded in the tissues it was found to be practically impossible 
if the animals were to recover. In fact, the technique as used required sev- 
eral months experience before it became perfected and only then did it 
become an efficient procedure which, if properly handled, may be called 
a bloodless method. Both vagi were always sectioned at one operation 
and the skin incisions were closed witli five sutures. 

The splanchnic nerves were sectioned in the region of the coeliac plexus, 
after laparotomy. An incision was made through the skin, the rectus 
abdominis muscle, and the aponeuroses of the external and internal 
oblique muscles, 2.»5 to 3 cm. in length, extending from the lower extrem- 
ity of the sternum (xiphisternum) caudalward and about 0.5 cm. to the 
left of the linea alba, in order to avoid the anterior abdominal vein (Vena 
abdominalis) which courses forwards along the mid-line of the ventral 
body wall until opposite the liver. The stomach is withdrawn through 
this opening and a large pair of nerves, one on either side, is found cours- 
ing along with the right and left systemic arches. These are the third 
spinal nerves carrying fibers to the stomach, but according to Rteinach 
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and Wiener {216), Dixon {08) and others, the stomach also receives fibers 
from the fourth and fifth spinal nerves and Waters {237), in addition 
includes the sixth. 

Fibers from these nerves arising from both sides of the body unite to 
form the coeliac plexus situated on the casliaco-mesenteric artery (Ateria 
intestinalis communis) a few millimeters from its origin from the left 
systemic arch. From this plexus arise the nerves destined for the stomach, 
pancreas and duodenum. The branches for the stomach are imbedded in 
the mesenteric membrane and follow closely the course of the arterial 
supply of this organ. They may be best seen by raising the stomach and 
allowing the light to illuminate the mesentery when they may be picked 
up with mouse-toothed forceps. If they are cut close to the plexus there 
are usually not more than two branches. Experience has shown that it is 
advisable to introduce into the stomach 5 or 6 cc. of water previous to the 
operation as it tends to fill and round out the stomach, thus making it 
easier to locate the plexus and the nerves. The technique for this operation, 
like that for double \ agotomy in the frog, is very delicate, but with suffi- 
cient patience and experience it may be developed to such a point as to be 
conducted without hemorrhage, and like the former may be considered a 
bloodless method. The splanchnicotomized stomach is pushed back into 
place, the muscular incision is closed with nine to ten sutures and the 
skin incision with the same number. The animals, after double vagotomy 
or splanehnicotomy, are usually sufficiently recovered on the third day 
following the operation to he used for experimental tests with fairly marked 
gastric activity, while after the double operation they are usually not ready 
for use until the fourth day following the operatiou. In the decerebration 
experiments the balloon was not remo\ed from the stomach, and the gastric 
contractions started again after a short period of inhibition. 

A complete knowledge of the mechanism of the gastric movements is 
still uncertain. The gastric* activity is regulated not only by the vagi and 
the splanchnic nerves of the sympathetic system, but also by the automa- 
tically acting ple.xi of Auerbach and Meissner. The most direct and desir- 
able method of attack on this problem is the section of the extrinsic nerves 
to the stomach, -although this operation abolishes not only all direct in- 
fluences from the brain, of a motor or inhibitory type, hut also the central 
reflexes (motor or inhibitory) that may be called into action through the 
sensory nerves in the stomach. 

The influence of these nerves on the activity of the stomach has been 
studied by a number of investigators, prominent among whom have been 
Cannon {30, S3) and Carlson {H)- Cannon’s observations on the gas- 
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trie movements of digestion in cats have shown that section of the vagi 
leads to a temporary loss of tonus and a slowing and weakening of the 
peristalsis, which in respect to rate is practically restored in a few days. 
He infers as does Kelling ( 109 ) that their function is solely to make the 
gastric muscles exert a tension (tonic state) and the result of this condi- 
tion is peristalsis. Furthermore, section of the splanchnic nerves does 
not affect the movements of digestion, while the combined vagi and 
splanchnic section leaves the digestive movements of the stomach practi- 
cally normal, even shortly after the operation. 

Carlson ( 44 ), on the other hand, has shown that section of the vagi in 
dogs leaves the empty stomach on the whole permanently hypotonic, at 
least for a period up to three months after the operation. Section of the 
splanchnic nerves increases the gastric tonus and augments the gastric 
hunger contractions, while the section of both the vagi and the splanchnics 
leads to a permanent hypotonus of the stomach, except under conditions of 
prolonged fasting. These discrepancies between the results of the two in- 
vestigators are probably accounted for by the fact that the tonus of the 
vagus plays a greater role in the movements of the empty, than in the 
movements of the filled stomach ; or else the nferves vary in different species 
of animals. 

TIIE EFFECT OF COMPLETE SECTION OF TILE SPLANCHNIC NERVES 

Complete section of the splanchnic nerves on both sides in the region 
of the cceliac plexus was made on twelve frogs and after recovery from the 
operation records of the movements of the empty stomach were continued 
from two to three weeks and compared with those from the normal stom- 
ach of the same animal. 

When a comparative study of the records of these animals is made as a 
whole, it is evident that the complete section of the splanchnic nerves with 
the vagi intact, markedly increases the gastric tonus and augments the 
movements of the empty stomach in frogs (Pig. 38 A and B). The 
recorded contractions are small, rapid and irregular in form, and repre- 
sent virtually an incomplete or hunger tetanus of the stomach. In other 
words, the stomach becomes on the whole strongly hypertonic and more 
active through the destruction of the inhibitory fibers via splanchnic 
nerves to the stomach, which permits the motor fibers of the vagi to exert 
their full influence on the gastric motor mechanism, thus leading to a 
degree of gastric tonus much above the normal. This particular state of 
excessive tonus is evidenced not only by the balloon in the stomach cavity 
but more especially by the marked contraction of the esophagus and stom- 
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ach as is instanced many times by the extreme difficulty of introducing the 
balloon through the esophagus into the stomach. This hypertonic condi- 
tion of the frog's stomach, -which always appears after complete section of 
the splanchnic nerves, is evidently more marked than Carlson (44) found 
it to be after splanchnic section in dogs. Furthermore, this condition, 
as it exists in frogs after this type of nerve section, apparently corresponds 
to certain clinical conditions as reported by Eppinger and Hess (?d) 
under the term ‘‘vagotonia.” According to these observers, the antago- 
nistic influences between the gastric branches of the vagi and the splanch- 



Fig. 38. — Records from the empty stomach of the frog. A, normal frog after six days’ 
fast; B, the same animal ten days after section of both splanchnic nerves and twenty 
days’ fast. At x, introduction of 5 cc. of 0.5 per cent, solution of hydrochloric acid 
directly Into the stomach. Showing incomplete tetanus and only slight inhibition of the 
hunger contractions by acid in the stomach after section of the splanchnic nerves. x'= 
termination of the acid injection. 

nic nerves play a very important role in not only moderating the physio- 
logical impulses which might reach a very marked intensity, but in addi- 
tion they prevent acute transitions from rest to excitation or vice versa. 
This means that if it were not for the above, small stimuli might under 
certain conditions cause large reactions, either physiological or patholog- 
ical. Now, if we assume that somewhere in the central nervous system there 
exists a common center which controls the antagonistic actions of these two 
systems, as suggested by these investigators, and that the irritability of 
this center increases and decreases from time to time, it is easy to under- 
stand how very weak and even transitory stimuli might act upon such a 
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center — when in a state of increased irritability — to produce the gastric 
hypertonus through the fibers of the vagi. This, however, is not proven, 
but we do know that in the condition of vagotonia there is a functional 
increase of tone via vagi to the stomach, and this increase of function 
doubtless permits the stimuli to act more readily than if the reversed 
condition existed. Furthermore, the observations of Crohn and Wilensky 
(61) have shown that the hunger contractions in well marked cases of 
vagotonia exhibit an extreme degree of variability, the contractions fol- 
lowing one another in rapid succession and without pause for compara- 
tively long periods of time. The clinical findings of these observers are 
apparently in accord with the results on frogs, after splanchnic section. 

The inhibition of the movements of the empty stomach of the splanch- 
nicotomized animal, when acid is introduced into the stomach cavity, is 
much less complete than in frogs with all the extrinsic gastric nerves in- 
tact (Fig. 38 A and B). In fact, the contractions do not cease at all; 
and the only effect produced is a very slight decrease in the height of the 
contractions during the introduction of the acid, followed by a few con- 
tractions of a slightly longer duration, and usually a slight increase in 
the gastric tonus. This diminution of the inhibition, following stimula- 
tion of the gastric mucosa by acids after complete section of the splanchnic 
nerves, is confirmatory of Carlson’s findings (45) on dogs. 

THE EFFECT OF SECTION OF BOTH VAGI NEKVES 

Section of both vagosympathetic nerves in the neck was made on eleven 
frogs and after recovery from the operation records of the movements of 
the empty stomach were continued from two to three weeks and compared 
with those from the normal stomach of the same animat. 

When all the records are compared from these animals, the results are 
confirmatory in showing that the contractions of the empty stomach are 
only slightly changed in rate and regularity. The contractions, when 
viewed as a whole, resemble those from the normal stomach, with the 
exception that they usually appear to be of a slightly slower rate, and 
weaker and more irregular (Fig. 39 A and B). However, there is a 
tendency for the contractions to increase in strength — or rather ampli- 
tude — up to the amplitude of the normal contractions, and some of the 
individual contractions may even exceed the normal. This is evidently 
produced through a lowered tone in the gastric motor mechanism, whereby 
the contractions start rather suddenly and without any marked preliminary 
increase in tonus; and because of this condition the air is more com- 
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pletely forced out of the balloon, thus resulting in the greater contrac- 
tion. In the empty stomach of the nQrmal animal, as determined by the 
balloon method, there are practically no tonus changes, or at least they 
are so slight in degree as to be almost a negligible factor. In working 
with these animals, over a period of several years, I have never observed 



Fig. M \. — -Ilctfortlb from the empty stomach of the frog. A. normal frog after three days’ 
fast ; It, the same animal nine days after section 'of both vagi and sixteen days’ fast. 
At x introduction of 5 o<\ of 0.5 per cent, solution of hydrochloric acid directly into the 
stomach. Showing slightly more complete Inhibition of the hunger contractions by acid 
in the stomach after section of the vagi nerves. 

in the normal animal an increase in gastric tone exceeding a centimeter, 
as determined by tlie manometric pressure. When tonus changes arc ob- 
served they usually do not exceed a quarter of a centimeter (2 to 3 mm.), 
unless it is in cases of very extreme periods of fasting. But the more 
common phenomenon in the frog is to have the tonus remain constant 
honr after hour. 

Section of both vagi with the splanchnics intact leads to a sympatheti- 
cotonie condition of the stomach. This means that the stomach becomes 
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on the whole hypotonic through the destruction of the vagal fibers which 
maintain the gastric tonus. This permits the inhibitory fibers of the 
splanchnics to exert a greater influence on the gastric motor mechanism, 
thus leading to a general diminution in the gastric tonus. However, 
there was a tendency in some of the animals, at least, to show a gradual 
improvement in the efficiency of the local tonus mechanism as time went 
on, after the operation, which indicated that the hypotonic condition of 
the stomach may be only temporary in the frog and not permanent as 
reported by Carlson (44) in dogs, but corresponds to the observations of 
Cannon (30, 33) in cats for the movements of digestion. This phase 
of the question will be discussed in another section of this paper. Fur- 
thermore, the gastric tonus is much lower on the whole than normal, as 
determined not only by the balloon in the gastric cavity, but also by the 
ease with which the balloon may be introduced through the esophagus into 
the stomach, and inflated. 



Fig. 40. — Splanchnlcotomlzed 
stomach superimposed upon the 
vagotomized stomach from two 
frogs of equal size, weight and 
vigor. A, splanchnicotomized stom- 
ach. B, vagotomized stomach. H, 
esophagus. P, pyloric portion of 
p stomach. Note the hypertonic con- 
dition of stomach A. 


When acids are introduced directly into the empty stomach of the 
vagotomized animal, gastric inhibition is exhibited similar to that pro- 
duced in the normal animal except that it appears to bo quicker and more 
marked than in the normal animal (Fig. 39 A and B). This is ex- 
actly contradictory to Carlson* s results on dogs (Jib) ) yet he states that 
this was what he expected to find, namely, an augmentation of the in- 
hibition through the splanchnics after section of the vagi. 

THE EFFECT OF COMPLETE SECTION OF THE VAGI AND SPLANCHNIC NEEVES 

Combined splanchnic and vagi sections were made on ten frogs and after 
they had recovered from the operation records of the gastric movements 
were continued for from two to three weeks and compared with those 
from the normal stomach of the same animal. Both sets of nerves were 
sectioned at the same operation. 

After this complete isolation of the frog*s stomach from the central 
nervous system, the movements of the empty stomach are much the 
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same as when the vagi alone are severed. The contractions show a ten- 
dency to approach or even in some cases to exceed the normal, while at 
times they may even be identical in rate and character with those of the 
intact stomach. For the most part, they are of a slightly slower rate 
and more irregular. The stomach passes into a hypotonic condition 
similar to that after section of the vagi, and therefore the slight changes 
in the movements of the empty stomach after isolation from the central 
nenous system must bo due primarily to the persistent hypotonus. These 
results are, in general, confirmatory of Cannon’s ( 30 , 33 ) on cats and of 
Carlson's ( 44 ) on dogs. 

The inhibition of the movements of the empty stomach by acid stimu- 
lation of the gastric mucosa persists after complete isolation of the stomach 
from the central nervous system but the inhibition, like that found by 
Carlson ( 45 ) in dogs, is diminished in intensity and duration. There is 
a gradual and slow diminution, both in the rate and amplitude of the 
hunger contractions, but as a rule this does not produce complete inhibi- 
tion in the frog. The inhibition is therefore primarily a local reflex 
determined by the local gastric mechanism rather than by the character 
of the central innervation or the central inhibition. Since the type of 
gastric activity after complete isolation of the stomach from the central 
nervous system does exhibit the typical movements of the empty stomach, 
the primary stimulus to these contractions is not to be sought in the 
extrinsic nerves. The extrinsic nerves (vagi and splanehnics) must 
therefore bo considered under normal conditions to play the important 
rdle of modifying or regulating a primary automatic mechanism in the 
stomach wall. 

EXTIRPATION OP STOMACHS AETER SECTION OE VAGI AND SPLANCHNIC 

NERVES 

Early in the course of these experiments it was observed that the stom- 
achs of splanchnicotomized and vagotomized animals exhibited rather wide 
variations in size, depending on whether the vagi or the splanchnic nerves 
had been previously severed. This phase of the problem was investigated 
on ten splanchnicotomized and ten vagotomized animals, and the stomachs 
were removed from three to ten days after the operation, directly after 
the killing of the animals and while the hearts were still beating. In 
jjie selection of these animals care was taken to select frogs of equal size, 
weight and vigor. The results of these experiments are conclusive in 
showing that the same general influence which the vagi and splanchnic 
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nerves exert separately on the gastric apparatus may be shown when the 
splanchnicotomized stomach is superimposed upon the vagotomized 
stomach from two frogs of equal size. The latter or larger stomach 
represents the atonic, and the former or smaller the hypertonic, while 
the normal stomach takes an intermediate position between the two (Fig. 
40). It may be said, therefore, that the reciprocal or contrary innerva- 
tion of Meltzer, which may be termed antagonistic tonus, may be physio- 
logical as long as it serves the pu rposes of the organ in question in a 
beneficial manner. It is pathological as soon as the tonus of one or the 
other is so exaggerated that the common welfare of the organ is in danger. 
That is exactly what happens in the splanchnicotomized frog’s stomach, 
where the hypertonus of the vagus leads to a state of overexcitability, or 
to the Eppinger-Hess condition of vagotonia. 

PbYCIIIC OR REFUEX INHIBITION OF THE GASTRIC HUNGER MOVEMENTS 

It was thought early in the course of this investigation, that it might be 
well to study certain cerebral processes in relation to the reflex effects on 
gastric activity. Previous work on other animals has demonstrated that 
anything which interests, annoys, frightens or angers, leads to a tem- 
porary inhibition of the gastric hunger contractions, probably via splanch- 
nics. Furthermore, the sight or smell of food, in the dog at least, leads 
to this same temporary inhibition if it is not too often repeated. In 
order to test further the very important reflex control of the gastric hun- 
ger mechanism, as well as of the nervous foci in the medulla, mid-brain 
and cerebrum concerned in the conduction of sensory and motor hunger 
impulses, the effects of sound and light stimuli were made use of in the 
following experiments. The observations were made on six frogs which 
were later decerebrated and the observations repeated. In the case of 
the sound stimuli, whistles of different pitches were sounded for periods 
of from ten to twenty seconds, but these caused only very slight gastric 
inhibition which was of short duration; after two or three repetitions it 
invariably became ineffective, thus defeating the object of the experi- 
ment. Even the filing of a glass rod on the table containing the animal 
was fully as ineffective in producing inhibition, although a second factor 
must have been introduced, that of vibration. All of these stimuli were 
of minimal or very moderate intensity and evidently not of sufficient 
strength to produce an effective and constant reflex — or else the central 
nervous mechanism for this reflex is at a low degree of development. * 

The light stimulus, on the other hand, proved to be more effective. The 
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room was darkened by drawing the window shades and while the normal 
hunger contractions were being recorded the animal was carefully un- 
eo\ ered and the lower portion of the window shade directly opposite drawn 
back and forth quietly and at a moderate rate, thus casting light and 
dark shadows upon the animal. This invariably produced temporary 
inhibition of the movements of the empty stomach and there seemed to be 
no diminution in the degree of the inhibition after repeated trials. After 
removal of the cerebral hemispheres there was total absence of the reflex 
inhibition and the contractions went on uninterrupted. It would appear 
that the central nervous mechanism for this reflex was more highly devel- 
oped than that for sound. In other words, from the animal's standpoint 
it may bo considered an important defensive reflex to warn it of its avian 
enemies as they soar through the air; thus anxiety and fear lead to the 
characteristic temporary inhibition of the gastric hunger movements. 

When the light and darkness shadow test was applied to an animal 
after complete section of the vagi with the splanehnies intact, it in- 
variably led to a temporary inhibition of the gastric hunger movements 
ua splanchnic nenes (Fig. 41 A). If the same test was applied to an 
animal after complete section of the splanchnic nerves with the vagi in- 
tact, it unfailingly led to only a very slight inhibition of the gastric 
hunger movements, as represented by a slight and transitory weakening 
of the contractions (Fig. 41 B). This slight degree of inhibition usually 
in evidence after section of the splanchnic nerves is probably the result 
of the action of the few inhibitory fibers in the intact vagi, or to some 
central inhibition of vagus tonus. In the case of the stomach completely 
isolated from the central nervous system (vagi and splanchnic nerves 
out) there is total absence of any psychic or reflex inhibition, since the 
efferent nerve pathways to the stomach have been broken by the section- 
ing of all the extrinsic ncr\es (Fig. 41 C). 

To summarize: Complete isolation of the frog's stomach from the cen- 
tral nervous system leads to hypotonus of the stomach with about the 
normal type of gastric hunger contractions. This is m confirmation of 
the work of Carlson on (logs. The automaticity of the gastric mechanism 
is independent of the extrinsic nerves, but these nerves play an important 
rfile in modifying or regulating the automatic mechanism in the stomach 
wall. Partial isolation of the stomach from the central nervous system 
interrupts the normal antagonistic balance between the vagi and splanch- 
nic systems, which may lead to pathological reactions such as vagotonia 
after complete section of the splanchnic nerves. The stomach in this 
condition becomes strongly hypertonic, while after complete section of 
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the vagi with the splanchnics intact the stomach passes into a hypotonic 
condition. 

The acid inhibition of the mcnements of the empty stomach by stimu- 
lation of the gastric mucosa, persists after complete isolation of the stom- 
ach from the central nervous system, but the inhibition is diminished 
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Fig. 4t. — Records from the empty stomacli of frogs. A, frog nine days after section 
of both vagi with splanchnics intact ; B, frog eight days after section of both splanchnic 
nerves with vagi intact ; t\ frog nine days after section of the vagi and splanchnic 
nerves, x to x, light and darkness shadow test showing temporary Inhibition in A, 
very slight inhibition in B, and total absence of psychic or reflex inhibition in C, in 
the case of the stomach isolated from the central nervous system. 

in intensity and duration. When the splanchnics alone are sectioned the 
inhibition is even less marked, but after section of the vagi with the 
splanchnics intact there is, on the whole, a slight augmentation in the 
inhibition, via these nerves. This latter statement is contradictory to 
the findings of Carlson ( 44 ) on dogs, while the other facts above are in 
accord. The light and darkness shadow test invariably produces psychic 
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or reflex inhibition of the gastric hunger mo\ements in the normal ani- 
mal. After decerebration, or after complete isolation of the stomach 
from the central nervous system, there is total absence of the light reflex 
on the gastric mechanism. When the vagi alone are sectioned, temporary 
inhibition is the result, while after section of the splanchnics with the 
vagi intact there is only very slight inhibition produced. 

Sherrington {$ 11 ) in 1915 called attention to the reflex postural ac- 
tivity of muscle and nerve as being the main outcome of the functioning 
of the proprioceptive part of the nervous system for at least the skeletal 
muscle. He pointed out that the muscle fiber possessed the property of 
exhibiting different lengths, while exhibiting one and the same degree of 
tension, and that it was not to be regarded as an elastic band. Further- 
more, he believed that unstriated muscle, like skeletal muscle, possesses 
the same properties, as is shown by the ease with which the hollow vis- 
ceral organs, like the bladder and stomach, adapt their size to the volume 
of their contents, and with very little alteration in their intravesical pres- 
sure. Under these conditions, therefore, visceral tonus is, postural con- 
figuration. In confirmation of this, Hurst ( 96 ) found that the relaxa- 
tion of the rectum was analogous to what Sherrington described as the 
“lengthening reaction” of the “postural tone” in the skeletal muscles and 
in the bladder, and which he at an earlier date had described in connection 
with the stomach and intestine, although he had not actually used the 
expression “visceral tone.” In case of the skeletal muscle the reflex 
postural action depends normally upon the afferent nerve of the postur- 
ing muscle itself, while in the unstriated muscle it is far less dependent 
on the central nervous system for its adjustment and maintenance. 

More recently Grey ( 89 ) has shown by slowly filling the empty viscus 
with warm physiological saline solution, and recording the fluctuations 
in the intragastric pressure, that the normal stomach in rabbits and cats 
is capable of adapting its size to the volume of its contents, with very 
small changes in the intragastric pressure. According to this investi- 
gator, the mechanism involved in the postural configuration of the stom- 
ach is situated in the wall of the viscus itself and concerns solely its mus- 
culature, together with its intrinsic nervous mechanism, while the extrin- 
sic nerves exhibit no direct influence, but serve rather to regulate the ten- 
sion of the stomach wall. 

The experiments of the author ( 1 71 ) here summarized were undertaken 
with the view of securing further data on the gastric tonus (postural ac- 
tivity — Sherrington, Hurst, Grey) of the neuro-muscular apparatus as 
applied to the empty stomach. While the term “postural activity” is 
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very applicable to the skeletal musculature, it seems to me that it is not 
well suited for the unstriated musculature which makes up the larger por- 
tion of the walls of the hollow visceral organs ; therefore, the older and 
simpler terminology of gastric tonus will be used in this discussion. The 
results tend to show that the extrinsic nerves exert a partial influence on 
the tonal activity of the stomach viseus, as well as serving to modify and 
regulate the gastric activity, at least in the frog. This animal is par- 
ticularly adapted for gucli a study, for it has been demonstrated elsewhere 
that the gastric hunger contractions show no periodicity and no appre- 
ciable change in gastric tonus, both features of which are present in the 
higher animals. In contradistinction to the higher animals, the con- 
tractions are practically continuous, with scarcely any distinction between 
the digestive peristalsis and the hunger movements. 

Among the first to make observations upon the internal pressure of 
the hollow visceral organs were Mosso and Pcllacani (151 ) who investi- 
gated the bladder in man and in the dog. These authors found that the 
bladder is capable of adjusting its cavity-volume to different quantities 
of content, which it enfolds with about the same light tension of grasp 
whether the viseus is nearly empty or well filled. Somewhat similar 
observations have been made upon the fundic portion of the stomach. 
Kelling (109) found that within certain limits the intragastric pressure 
remained unaffected by the quantity of fluid within the viseus and that 
the intra-abdominal pressure altered very little in ihe dog before and 
after the taking of a copious meal, although the intake of the volume 
of food might amount to 50 per cent, of tire total contents of the abdomen 
in the fasting condition. He infers from these latter observations that 
the additional volume of contents must be accommodated by a reflex ad- 
justment of the postural contraction of the abdominal muscles. Pike 
and Coombs ( 1S7 ), in confirmation of the above, have reported ihai the 
introduction of fluid into the stomach, or into the peritoneal cavity of 
cats, causes lengthening of the rectus abdominis muscle while tin* flow of 
fluid out of the stomach causes a shortening of the same muscle. These 
changes in the length of the muscle are small and do not occur if the 
posterior roots of the spinal nerves supplying the muscle have been cut, 
or if the spinal cord has been transected at the level of the lower cervical 
roots. The section of both vagi lias no marked effect on the response 
of the muscle. The authors regard the change in the length of the 
muscle, corresponding to the increase or decrease in volume of the con- 
tents of the abdominal cavity, as a reflex process dependent upon afferent 
impulses; this falls into line with other known instances of postural ac- 
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tivity of muscle and nerve. The observations of Sick and Tedesko ( 218 ), 
and of others, have shown that the gradual filling of a cat’s stomach is 
not accompanied by a rise in intragastrie pressure, and that the excised 
stomach, kept alive in a bath of warm oxygenated Ringer's solution, also 
exhibits the same phenomenon to an unmistakable extent. 

Cannon and Lieb ( 36 ) have also brought forth evidence that each pass- 
ing of the cardia by swallowed food is accompanied by a rapid small dila- 
tation of the fundus, and that this dilatation is a reflex operated through 
the vagus. Rogers ( 202 ) has reported that central stimulation of one 
vagus nerve with the opposite nerve intact in the decerebrate dog, and 
after complete splanchnic section, leads to reflex spasmodic contractions of 
the entire stomach and increased gastric tone. It would therefore appear 
that the adaptability of the normal stomach is at all times a form of re- 
ceptive expression brought about by changes in the intragastrie pressure, 
as the volume of its contents slowly increases or decreases. 

The same general method was used in the following experiments, with 
the exception that the gastric balloon was inflated with a known quantity 
of air by means of a graduated glass syringe sufficient to maintain a con- 
stant pressure of 2 cm. in the water manometer, and the number of cubic 
centimeters of air necessary in the different experiments to produce this 
constant pressure was recorded. Normal contractions of the empty stom- 
ach were obtained from each animal, extending over a period of several 
days, and then these animals were either vagotomized, splanchnicotomized 
or vago-splanchnicotomized (section of both sets of nerves), and the re- 
spective observations were repeated over a period of from two to three 
weeks and compared with the normal. The recorded tracings were taken 
on a slowly moving drum making a revolution in fifty to sixty minutes. 

THE CITANUEH IN VOLUME CAPACITY OF THE STOMACH AS INFLUENCED BY 

PARTIAL AND COMPLETE ISOL\TLON FROM TIIE CENTRAL NERVOUS SYSTEM 

The influence of the vagi and splanchnic nerves on the activity of the 
empty stomach of the frog has already been discussed. According to these 
results, double vagotomy leads to a sympatheticotonic condition of the 
stomach, followed with nearly the normal type of hunger contractions ex- 
cept that they appear to be of a somewhat slower rate and slightly weaker. 
On the other hand, section of the splanchnic nerves leads to a hypertonic 
stomach with shallow contractions, showing an increased rate and tending 
to run into incomplete tetanus, while complete isolation of the stomach 
frt>m the central nor\ous system leads to a hypotonic stomach with about 
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tlie normal type of gastric hunger contractions. Somewhat similar 
changes have been described by Cannon {SO, 33) on cats, for the digestive 
movements, and by Carlson {W) on dogs, for the movements of the empty 
stomach. 

Although the sectioning of these nerves in various animals has led to 
certain changes in gastric tonus, as arising from the influence exerted 

TABLE V 

Effect of section of the vagus nerves on volume capacity 
of stomach and contractions 


Date 1918 

Conditions 

Air in ! 
balloon ' 

Strength 
of con- 
tractions 

Remarks 

August 7 

Stomostomized 

cc. 

cm. 


August 10 

Normal 

io 

6.5 


August 11 

Normal 

10 

6.0 


August 12 

Normal 

10 

6.5 


August 13 

Vagotomized 

. . 

« . . 

Operation successful 

August 16 

Vagotomized 

15 

6.5 


August 17 

Vagotomized 

15 

8.0 


August 18 

Vagotomized 

15 

6 8 


August 19 

Vagotomized 

15 

7.0 


August 20 

Vagotomized 

15 

8.0 


August 21 

Vagotomized 

15 

6.5 


August 22 

Vagotomized 

13 

6.5 


August 23 

Vagotomized 

10 

6.0 


August 24 

Vagotomized 

10 

4.5 


August 25 

Vagotomized 

10 

5.5 


August 26 

Vagotomized 

10 

5.8 


August 27 

Vagotomized 

10 

6.2 


August 28 

Vagotomized 

10 

5.0 


August 29 

Vagotomized 

10 

4.0 


August 30 

Vagotomized 

10 

3.5 


August 31 

Vagotomized 

10 

Very weak 


September 1 

Vagotomized 

10 

Very weak 

Animal died. Au- 

September 2 

Vagotomized 

. , 



topsy showed both 
vagi cut. 


through the extrinsic nerves supplying the stomach, no attempt has been 
made to analyze the question quantitatively. In order to study the 
changes in volume capacity of the empty stomach as influenced by partial 
and complete isolation from the central nervous system, twenty-one ani- 
mals were used for the various observations recorded herein, as follows : 
seven were vagotomized, seven splanchnicotomized and seven vago- 
splanchnicotomized. In addition, fifteen other animals were used but as 
the length of the duration of these experiments was more or less brief dhe 
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to parasitization or other causes leading to an early death, the data from 
these were excluded. However, in none of these experiments in which re- 
sults were obtained, were they contradictory to the typical results as tab- 
ulated. There were also a few animals of this number excluded because 
of incomplete nerve section. The following tables have been prepared as 
showing typical results of the experiments. 

TABLE VI 

Effect of section of the splanchnic nerves on volume 
capacity of stomach and contractions 




Air in 

Strength 


Date 1918 

Conditions 

balloon 

of con- 
tractions 

Remarks 



cc. 

cm. 


August 7 
August 10 
August 11 
August 12 
August 13 

Stomostomized 

Normal 

io 

6 0 


Normal 

10 

6.7 


Normal 

10 

6.5 


! Splanchnicotomized 

Operation successful 

August 16 

Splanchnicotomized . 

4 

6.5 

August 17 

Splanchnicotomized . 

4 

1.0 


August 18 

Splanchnicotomized. . 

4 

0.8 


August 19 

Splanchnicotomized . 

4 

0.6 


August 20 

Splanchnicotomized . 

4 

0.5 


August 21 

Splanchnicotomized . 

4 

1.4 


August 22 

Splanchnicotomized. . 

6 

0.5 


August 23 

Splanchnicotomized . 

10 

0.3 


August 24 

Splanchnicotomized . 

10 

0.4 


August 25 

Splanchnicotomized . 

10 

0.3 


August 26 

Splanchnicotomized . 

10 

0.3 


August 27 

Splanchnicotomized 

10 

0.2 


August 28 

Splanchnicotomized . 

10 

Very weak 


August 29 

Splanchnicotomized. . 

10 

Very weak 


August 30 
August 31 

Splanchnicotomized 
Splanchnicotomized . 

10 

Very weak 

Animal died. Au- 




topsy showed 
splanchnics cut. 


The animals used for the observations in the preceding experiments were 
twelve to thirteen inches in length, extended, and it was found, without 
exception in this size of animal, that 10 cc. of air introduced by a syringe 
into the gastric balloon was sufficient to maintain a constant manometric 
pressure of 2 cm. in the stomach of the normal animal. Larger animals, 
in proportion to size, require greater quantities of air to obtain this con- 
stant manometric pressure, and vice versa. In one case, a very large frog 
measuring sixteen inches, the only one used in the series of experiments, 
16 cc. of air were necessary to produce the constant pressure of 2 cm. in the 






162 


ANNALS NEW YORK ACADEMY OF SCIENCES 


■water manometer. The question of the elasticity of the rubber balloon 
may arise here for, as Osborne ( 101 ) pointed out, in thin-walled rubber 
bags the extensibility of the elastic material is great and its dimensions, 
including its thickness, alter much under the stretch imposed. Further- 
more, a subspherical bag may change in general figure as its size is altered, 
or changes in the physical consistency of the rubber membrane may result 
as inflation and deflation proceeds, all of which would lead to serious 
complication for the analysis of results. However, in the case of the 
gastric balloon used, 10 or even 15 cc. of air, do not fill the rubber bal- 
loon so that the tension oE the bag’s elasticity complicates the stomach 
tonus. 

In testing out the amount of air necessary to produce the constant mano- 
metric pressure, it was found that in all the animals a much smaller 
amount than 10 cc. of air would produce changes in the manometer 
amounting to two or more centimeters, but the length of its duration was 
very short and the pressure soon fell to the zero level or closely approxi- 
mated it, depending on the quantity of air introduced. This is indica- 
tive of the ease with which the stomach adapts its size to the volume of its 
contents. 

In female animals filled with large egg masses, the number of cubic 
centimeters of air necessary to produce the constant pressure showed no 
variations from that of the non-egg-carrying female and of the male, al- 
though the abdomen was much enlarged. This condition in the egg-car- 
rying female is doubtless accounted for, at least in part, by a reflex mech- 
anism leading to a relaxation of the abdominal muscles, an adaptation 
similar to the reflex relaxation of the rectus abdominis muscle in increased 
volume contents of the stomach as has been described by Pike and Coombs 
( 187 ). The animals, with very few exceptions, were run continuously as 
soon as recovery was complete 1 after the operation, and the fast commenced 
immediately. 

Section of both vagi or the vago-sjnnpathetic nerves in the neck of the 
frog increases the volume capacity of the stomach temporarily, as shown 
in table V, from the normal of 10 cc. to 1 5 cc. of air. This condition invari- 
ably lasts from eight to nine days. Usually, on the ninth day following 
the cutting of the nerves, there is a decrease in the intragastric pressure 
to about 13 cc. of air; and on the next day it drops again to the normal 
10 cc. level and remains there. In other words, the normal tone of the 
stomach has been reestablished (Fig. 42), and this condition as it exists in 
the frog may be comparable to the temporary loss of tonus as described 
by Cannon ( 80 , 88 ) in cats. The contractions of the empty stomach tend 
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to approach the normal, but on the whole they are of a slightly slower rate 
and more irregular. The amplitude of the individual contractions may 
even appear greater than normal and this may be because the contractions 
start rather suddenly and without any marked preliminary increase in 
tonus in the fundic end of the stomach. 

TABLE VII 

Effect of section of the vagi and splanchnic nerves on volume 
capacity of stomach and contractions 


Date 1918 

Conditions 

Air in 
balloon 

Strength 
of con- 
tractions 

Remarks 



cc. 

cm. 


October 22 

Stomostomized 




October 25 

Normal 

io 

6.5 


October 26 

Normal 

10 

6.5 


October 27 

Normal 

10 

6.9 


October 28 

Normal 

10 

6.7 


October 28 

Vagi and splanchnics cut 



Operation 

November 2 

Vagi and splanchnics cut. . 

15 

6.7 

successful 

November 3 

Vagi and splanchnics cut. . 

15 

7.0 


November 4 

Vagi and splanchnics cut. 

15 

6.9 


November 5 

Vagi and splanchnics cut . 

15 

7.2 


November 6 

Vagi and splanchnics cut. 

15 

6.6 


November 7 

Vagi and splanchnics cut 

15 

8.0 


November 8 

Vagi and splanchnics cut 

15 

6.5 


November 9 

Vagi and splanchnics cut. 

15 

5.8 

Morning 

November 9 

Vagi and splanchnics cut. . 

13 

6.0 

Night 

November 10 

Vagi and splanchnics cut. . 

13 

5.0 


November 11 

Vagi and splanchnics cut. 

13 

4.4 


November 12 

Vagi and splanchnics cut . . 

13 

3.5 


November 13 

Vagi and splanchnics cttt. . 

13 

3.4 


November 14 

Vagi and splanchnics cut . 

13 

3.5 


November 15 

Vagi and splanchnics cut. 

13 

Very weak 


November 16 

Vagi and splanchnics cut. . 

13 

Very weak 


November 17 

Vagi and splanchnics cut 

13 

Very weak 


November 18 

Vagi and splanchnics cut . . 

. . 

... 

Animal died. Au- 

• 



i 

topsy showed 





both vagi and 





splanchnics cut 


Section of the splanchnic nerves in the frog markedly decreases the 
volume capacity of the stomach temporarily, as shown in table VI, from the 
normal of 10 cc. to 4 cc. of air. This marked diminution in size, like the 
increase after double vagotomy, invariably lasts from eight to nine days. 
Usually, on the ninth day following the cutting of the nerves, there is an 
increase in the intragastric pressure to about 6 cc. of air, while on the next 
day it reaches again the normal, or 10 cc., level and remains there. Here 
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again the stomach has reestablished its gastric tonus (Fig. 42)* This 
condition in the frog is much more marked than Carlson (44) found it 
to be in dogs. May not the number of motor fibers in the vagi destined 
for the stomach vary in different animals, as the number of cardioinhibi- 



Fig. 42. — The spaces left to right indicate the number of days experiment ran. Vertical 
spaces above and below the heavy line A B, representing the normal pressure of 10 cc. of 
air necessary to maintain a constant pressure of 2 cm. in the water manometer, indicate 
the positive or negative changes from the constant in the volume capacity of the stomach 
as influenced by the extrinsic nerve*. Curve C C, shows effect of sectioning both vagi 
on stomach. Curve D D, effect of splanchnic section. Curve E E, combined effect of 
section of both vagi and splanchnic nerve*. Note complete recovery of gastric tonus in 
first two cases, whUe in the latter there is only partial recovery. Heavy line A B also 
indicates negative effect of decerebration on stomach. Figures at left Indicate number of 
cubic centimeters of air in balloon. 

tory fibers varies in the vagus of the cat and the dog? The contractions 
of the empty stomach arc small, showing an increased rate and a tendency 
to approach incomplete tetanus. This is especially true during the tem- 
porary period of high tonal activity when only 4 cc. of air are required to 
maintain the constant manometric pressure ; and in one animal 3 cc. of 
air were found to be sufficient. In a few such animals I have found in 
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the morning, following the removal of tlie balloon tlie night before, such 
strong gastric and esophageal contraction that it was impossible to in- 
troduce the balloon through the short esophagus into the stomach without 
first introducing a small glass seeker, and stretching it. I have even had 
difficulty in introducing the seeker the first time on one or two occasions 
because of such marked contraction. This would seem to uphold the 
\iews of Cannon (30, 33) and Kelling (109), that the gastric fibers of the 
vagi function to make the gastric muscles exert a tension. 

Section of the vagi and splanchnic nerves in the frog increases the vol- 
ume capacity of the stomach permanently, as shown in table VII, from the 
normal of 10 cc. to 15 cc. of air, but in this case there is not a complete 
recovery. After this complete isolation of the frog’s stomach from the 
central nervous system, the 15 cc. stomach invariably lasts from twelve 
to thirteen days, which is a longer period than in either the vagotomized 
or splanchnicotomized stomach. Usually on the thirteenth day following 
the sectioning of these nerves, which is accomplished at one operation, 
there is a fall in the intragastric pressure to a 13 cc. level, where there are 
no further changes (Fig. 42). This new and partial readjustment of the 
hypotonic stomach is evidently determined by the intrinsic local gastric 
motor mechanism of the stomach wall, for the gastric hunger contractions 
persist after its isolation from the central nervous system. The appear- 
ance of the individual contractions is much the same as when the vagi alone 
are cut. These contractions may exhibit a greater or lesser amplitude 
and show a tendency toward irregularity. All the animals in the different 
groups were autopsied to verify, especially, the sectioning of the respec- 
tive nerves. In a few of these animals in which the heart was still beating 
regularly the effect of vagal stimulation on the stomach was determined. 
This resulted usually in a phase of inhibition followed by a stronger phase 
of excitation immediately upon the removal of the stimulus, and is in con- 
firmation of the findings of Hopf (94) on frogs. Stimulation of the 
sectioned splanchnic usually resulted in a relaxation of the body of the 
stomach, if any change at all occurred, and if the stimulation was repeated 
several times in succession it seemed to bring about a constriction of the 
pyloric sphincter and perhaps also that of the cardiac sphincter, a condition 
which would seem to indicate that the splanchnics might possess a few 
fibers of the motor type. The stimulation of these two nerves shows, how- 
ever, that the fibers of neither have degenerated, and that since the rate of 
nerve degeneration differs in different animals, and in frogs requires from 
thirty to one hundred and forty days, depending upon the season of the 
year (H), there is no possibility of the regeneration of these nerves. The 
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normal functioning of the two sets of nerves to the stomach is indicated 
by the results of sectioning, as well as by the results of stimulation. In 
the case of the isolation of the stomach from the influence of the vagi with 
the splanchnics intact, or vice versa, there is a perfect physiological read- 
justment of the normal tonus of the gastric musculature. On the other 
hand, after complete isolation of the stomach (vagi and splanchnics 
severed) from the central nervous system, the re is only a partial physio- 
logical readjustment of the gastric musculature. This indicates that the 
extrinsic nerves play a prominent part in the maintenance of gastric tonus, 
at least in the frog. When the splanchnics are sectioned it must be the 
motor fibres of the vagi that produce the high and temporary gastric hyper- 
tonicity, i. e., hypertonic stomach. It is reasonable to believe that when 
the vagi are cut and the splanchnics permitted to exert their full influ- 
ence on the gastric musculature, these nerves must possess motor fibers — 
probably to the sphincter muscles — and that these areas then act as tonic 
rings which, in connection with the intrinsic or local reflex mechanism of 
the gastric wall, are capable of producing a perfect physiological read- 
justment. On the other hand, in the case of the stomach completely 
isolated from the central nervous system, this intrinsic or local gastric 
mechanism is incapable of bringing about a complete readjustment and in 
consequence of this it creates a new level of gastric tonus. Thus, every 
reflex is in its own measure an integral reaction, and is purposive in that 
it bears some biological purport for its organism. This physiological re- 
adjustment occurred regularly in all the animals — that is, it could be 
looked for after a lapse of a certain number of days following the section- 
ing of the nerves. For example, in the case of the vagotonmed stomach, 
with this readjustment started, I have seen in a few instances the pressure 
in the manometer increase from the constant level of 2 cm. io 5 or 6 cm., 
but I have never observed it in the stomach of the normal animal. Tn the 
splanchnicotomized stomach the first readjustment stage is marked by a 
fall, in the manometric pressure, to zero. 

The changes in gastric tonus observed throughout this series of experi- 
ments are so slight in the normal frog that they arc practically unmeasur- 
able. However, tonus is the prime condition for that tension which must 
be developed before contraction can result, and if the tension persists the 
contraction recurs ( 32 ). Furthermore, the importance of the tonic state 
in the normal functioning stomach is reinforced by the fact that when all 
the extrinsic nerves are cut the stomach develops in time, within itself, 
a tonic state, while the adaptability of the abdominal cavity to the volume 
of its contents is left to the postural reflex. It has been shown by King and 
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Connet ( 111 ) that the rate of the gastric contractions is increased in 
decerebrate guinea-pigs and that the stomach becomes hypertonic. Ac- 
cording to Rogers ( 201 ) the hyperactivity of the crop of the decerebrate 
pigeon is inhibited by food and water as in the normal bird, while the 
writer has found no change in the type of the contractions from the 
empty stomach of the normal and the decerebrate frog. In order to study 
the effect of decerebration on the volume capacity of the stomach, observa- 
tions were made on sis decerebrate frogs. The following table has been 
prepared from a typical experiment. 

TABLE VIII 

Effect of decerebration on volume capacity of stomach and contractions 


Date 1M8 

Conditions 

Air in 
balloon 

Strength 
of con- 
tractions 

Remarks 

July 26 
July 31 
August 1 
August 2 
August 2 
August 2 

August 3 
August 4 
August 5 
August 6 

Stomostomized 

cc. 

cm. 


Normal 

io 

elo 


Normal 

10 

6.5 


Normal 

10 

6.0 


Decerebrated 4:15 p.m. . . 
Decerebrated 

io 

h.o 

Operation successful 
Contractions started 

Decerebrated 

10 

6.3 

again at 5:35 p.m. 

Decerebrated 

10 

6.0 


Decerebrated 

10 

5.2 


Decerebrated 

Animal died. Autopsy 
showed complete re- 
moval of cerebral 
hemispheres. 





Decerebration in the frog has no effect on either the volume capacity of 
the stomach or the amplitude o£ the individual contractions, as is shown 
in table VIII. There is also no change in the type of contractions. The 
negative findings in these experiments show that the higher cerebral 
centers in the frog play no appreciable part in either the maintenance of 
gastric activity or the tonic state. Since section of the vagi leaves the 
stomach in a temporary hypotonic condition (15 cc. stomach), while the 
decerebration effects are negative, we may infer that impulses from centers 
in the mid-brain and medulla exercise the controlling influence and pro- 
duce — after section of the splanchnics — the temporary hypertonic stom- 
ach, i. e., high gastric tonus. It may be further implied that there is a 
dynamic readjustment in the central nervous system which leads to an 
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actual diminution in the inhibitory impulses through the splanchnics 
after vagal section; or an inverse motor condition existing through the 
vagi after splanchnic section ; or else the stomach may bring about its 
physiological readjustment by an increased resistance or tolerance of the 
splanchnic or motor impulses over the respective nerves to the gastric 
mechanism. 

To summarize: The normal stomach of the frog possesses a marked 
capacity for adapting itself to the volume of its contents with only minimal 
changes in the intragastric pressure. This is in confirmation of the work 
of Grey (89) and others. Both the intrinsic and extrinsic nerves take 
part in the maintenance of gastric tonus, as is shown by partial and com- 
plete isolation of the stomach from the central nervous sj'stem. Section of 
the vago-sympathetic nerves (double vagotomy) with the splanchnics 
intact, increases the volume capacity of the stomach temporarily, but 
there is later a complete readjustment. Section of the splanchnic nerves 
with the vagi intact decreases the volume capacity of the stomach tem- 
porarily, but there is again a complete readjustment, as above. Section of 
both the vagi and splanchnic nerves (complete isolation of the stomach 
from the central nervous system) increases the volume capacity of the 
stomach permanently, and in this case there is only a partial readjust- 
ment, at least for a period extending over three weeks, and the tonus of 
the stomach is established upon a new level from that of the normal. De- 
cerebration affects neither the volume capacity of the stomach nor the 
type of the contractions. 

THE WORK OF THE EMPTY STOMACH OF THE BULLFROG ESTIMATED IN FOOT 

POUNDS 

In this series of studies on the bullfrog it seemed advisable to deter- 
mine the energy output of the stomach and to estimate it in terms of foot 
pounds per hour and per day. The animals were prepared by the usual 
stomostomy procedure and the balloon method was used. 

The water in the manometer, plus the float with its writing point, 
constituted the load (1G.9 gms.) moved by the contractions of the stom- 
ach. These were carefully weighed daily and any loss of weight due to 
evaporation of water was made up when necessary to keep the load con- 
stant throughout the period of the experimentation. Since the manometer 
is a TT-shaped tube, the distance that the float travels is only one-half the 
total distance that the load is lifted, so in order to obtain the actual am- 
plitude of any individual contraction, a multiple factor of 2 may be em- 
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ployed as in blood pressure manometer readings. The contractions were 
recorded during hourly periods, the actual height of each gastric contrac- 
tion being measured in millimeters, and the total in feet, then multiplied 
by 2 to obtain the actual distance the load was lifted or moved, the con- 
stant manometric pressure of 1 to 2 centimeters of water being disregarded, 


Frog No. 2 


Tracing No. 4 Date 7-22-31 


63 contractions — 
height of 
contractions 


85 

97 

70 

88 

90 

99 

99 

113 

99 

104 

106 

131 

102 

97 

117 

105 

81 

94 

109 

99 

103 

97 

95 

105 

114 

99 

100 

99 

71 

107 

109 

96 

95 

97 

121 

92 

87 

87 

101 

97 

106 

96 

105 

106 

102 

75 

76 

76 

67 

81 

70 

98 

78 

90 

122 

95 

94 

97 

121 

93 

98 

102 

112 

— 


6117 mm. 


Fast period 261 hours 


Load = 16.9 grains. 

1 inch = 2.54 centimeters. 


611.7 

= 240.82 inches = 20.07 feet. 

2.54 

16.9 X 20 

— 0.596 ounce.* 

567 

0.596 

= 0.03725 pounds. 

16 

2 (20.07) X 0.03725 = 1.495 foot pounds per hour. 
24 X 1.495 = 35.88 foot pounds per day. 


* To convert grams to ounces multiply by 20 and 
divide by 567 (Handbook of Physiology, Halli- 
burton and McDowell, 18th Edition, 1929). 


since the stomach actually does no external work in maintaining this 
pressure, yet it is necessary in order to make the apparatus register. 

The contraction of muscle, when loaded, results in a performance of 
mechanical work. The external work done is clearly the weight raised 
multiplied by the height to which it is raised. Therefore, in order to 
obtain the greatest amount of external mechanical work out of a muscle, 
its contraction must be opposed by a resistance which shall be great enough 
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to render the contraction slow, and small enough, especially toward 
the end of the contraction, not to prevent the muscle from shortening 
completely. If, therefore, the muscle contracts without lifting a weight, 
or overcoming any resistance, or if the muscle is in tetanus, no weight is 
raised and no visible external mechanical work is performed. That in- 
ternal mechanical work is done is shown by the rise in temperature. This 
supposition is, however, purely theoretical since the muscle always has to 
carry its own weight. Therefore, in the case of the smooth muscle of the 
stomach wall no external work is done in maintaining the constant pres- 
sure of 1 to 2 centimeters of water in the manometer (tone base) . Aside 
from the change of form in the muscle, the doing of external work is the 
most obvious effect of muscular activity. But contraction is attended by 
other important effects. The ability to do work implies a store of energy. 
To release that energy chemical change must take place. During con- 
traction, therefore, the muscle is the seat of chemical alterations, and 
these are oxidative in character. Other phenomena accompanying the 
contraction of muscle are the development of heat and the production of 
an electromotive force in the active muscle. In other words, we are up 
against the difficulty of work in the sense of pure physics and work from 
the point of view of energy expenditure in the organs. The steady tone 
of the stomach is, therefore, not work in the physical sense although cer- 
tainly it requires expenditure of energy to maintain it. On this assump- 
tion the tone base is disregarded in the measurements of the individual 
contractions of the frog’s stomach in the calculation of the physical or 
external work done by this organ in foot pounds. 

Hence, by the introduction of a rubber balloon, filled with air and con- 
nected with a kymographic system, it was possible to obtain, graphically, 
a series of gastric hunger contractions from which the actual work of the 
stomach could be estimated in foot pounds per hour. The mathematical 
procedure for determining this expenditure of energy from the quantita- 
tive measurements obtained is shown on the preceding page, which is 
representative of a typical protocol. 

Throughout the experimentation, the animals were kept in a darkened 
sink about sixteen inches deep and about twelve inches square. The sink 
was covered and the room kept as quiet and as dark as possible. 

Table IX gives a summary of the protocols obtained from all animal? 
studied. This shows that the work done by the stomach varied from 
0.471 to 1.579 foot pounds per hour, while the total daily expenditure 
of stomach energy ranged from 11.304 to 38.896 foot pounds. 
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In general, the results obtained indicate that there is a somewhat 
greater expenditure of energy by the stomach during prolonged starva- 
tion than during digestion. There appears to be a more or less definite 
ratio between the period of starvation and the actual work done, but this 
relationship is not without exceptions. In the third animal used the 


TABLE IX 

The work of the empty stomach of the bullfrog, estimated in foot pounds per hour 
and per day. (Summary of Protocols.) 


Date 

Frog 

No. 

Tracing 

No. 

Fast in 
hours 

No. of 
contrac- 
tions 
per hour 

Total 
height of 
contrac- 
tions in 
mm. per 
hour 

Work 
done in 
ft. lbs. 
per hour 

Work 
done in 
ft. lbs. 
per day 

Temp, 

7- 3-31 

I 

1 

237 

42 

2085 

.515 

12.36 

33 

7- 6-31 

I 

2 

27 

45 

4485 

1.09 

26.16 ’ 

32 

7- 6-31 

I 

3 

29 

31 

2056 

.503 

12.072 

31 

7- 7-31 

I 

4 

53 

37 

2204 

.539 

12.936 

32 

7-10-31 

I 

5 

91 

34 

2050 

.502 

12.048 

32 

7-13-31 

I 

6 

162 

30 

1930 

.471 

11.304 

30 

7-20-31 

I 

7 

336 

39 

2890 

.706 

16.944 

30 

7-21-31 

II 

1 

241 

66 

5950 

1.454 

34.896 

30 

7-21-31 

II 

2 

242 

66 

5399 

1 32 

31.68 

30 

7-22-31 

II 

3 

260 

63 

5573 

1.36 

32.64 

30 

7-22-31 

II 

4 

261 

63 

6117 

1.495 

35 88 

30 

7-22-31 

II 

5 

262 

67 

5966 

1.457 

34.98 

30 

7-22-31 

II 

6 

263 

43 

3436 

.84 

20.16 

30 

7-22-31 

II 

7 

264 

53 

4729 

1.155 

27.72 

30 

7-27-31 

III 

1 

725 

60 

3959 

.967 

23.208 

, 30 

7-28-31 

III 

2 

745 

64 

4528 

1.113 

26.712 

32 

7-29-31 

III 

3 

766 

68 

5108 

1.248 

29.952 

28 

7-12-32 

IV 

1 

341 

56 

4420 

1.08 

25.926 

29 

7-14-32 

IV 

2 

388 

56 

4372 

1.067 

25.624 

29 

7-14-32 

IV 

3 

389 

55 

3871 

.946 

22.707 

29 

7-15-32 

IV 

4 

412 

72 

6464 

1.579 

38.896 

29 

7-21-32 

V 

1 

482 

48 

4049 

.989 

23.736 

32 

7-20-32 

V 

2 

603 

51 

4023 

.983 

23.592 

27 

7-26-32 

V 

3 

604 

58 

5032 

1.229 

29.496 

27 

7-27-32 

V 

4 

626 

42 

3856 

.942 

22.608 

29 

7-27-32 

V 

5 

627 

48 

4035 

.972 

23.328 

29 

7-28-32 

V 

6 

632 

45 

4505 

1.101 

26.424 

27 


results were not quite up to expectations. The period of starvation was 
more than twice as long as in either of the first two animals, but the total 
expenditure of energy was not correspondingly high. It was observed, 
however, that fhe number of contractions was greater than in the other 
two cases — which in itself indicates an increased activity. The interval 
between the individual contractions appears to become shorter as the 
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length of the fast increases. It must be remembered in discussing this 
point that noise, light, etc., invariably inhibit gastric activity. On 
several occasions there were disturbances that could not have been avoided 
and these no doubt produced their influence on the sum total of the 
results. The variation in different animals must also be considered, 
since it was not feasible to record both hunger and digestive activity on 
the same animal. 

In the case of the animal that fasted for a period of over thirty days, the 
tracings showed evidence of gastric tetanus due to the extreme hyper- 
tonicity of the musculature. This observation has not been observed 
before by the writer, since the duration of the fast periods were much 
shorter than this. An extremely long period of starvation is necessary to 
bring out this effect. 

However, additional work on this problem is necessary to confirm the 
findings herein presented. 

* 

THE INFLUENCE OF STIMULATION OF THE SCIATIC NERVE PLEXUS ON THE 
TONUS AND MOTILITY OP THE BULLFROG'S STOMACH 

Many investigators, in studies conducted on the hunger activity of 
various animals, have devoted much time and energy to an attempt to 
solve the problem of the nervous control of the gastric motor mechanism. 
Many animals, both vertebrates and invertebrates, have been employed in 
these experiments, and the results seem to be more or less dependent upon 
the position occupied by the animal in the evolutionary scale of develop- 
ment; it is, of course, more specialized and complex in the higher forms. 

Numerous variations occur in animals, giving different reactions to 
the same stimuli according to the class to which they belong. Hence, an 
attempt has been made to determine the reflex effects on the stomach 
of the bullfrog from stimulation of the vagus and sciatic nerves, in order 
that we might have a more correct understanding of the comparative 
relationship in functional activity between the stomach of the amphibian 
and that of the higher animals, and especially with that of the monkey. 
Experiments carried out on the monkey (179) showed that when the 
central portion of the sciatic or vagus was stimulated, it resulted in either 
an augmentation or an inhibition, depending upon the state of tonus 
at the moment of the application of the stimulus. A hypertonic stomach 
became inhibited on stimulation, producing relaxation, while a hypotonic 
stomach was augmented, causing either a contraction or an increase in 
the gastric tonus, or both. In further experimentation it was shown 
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that stimulation of the peripheral end of the vagus produced a similar 
inhibitory or augmentatory action, dependent upon the degree of gastric 
tonus. These results are m agreement with those obtained by Carlson, 
Boyd and Pearcy (50) on the reflex control of the eardia and lower end 
of the esophagus on vagus stimulation of cats and dogs. Laughton 
(IIS) obtained the same results on cats by stimulation of the dorsal vagus 
nuclei. 

It has been found from previous work on bullfrogs. (170, 171), that 
section of the vagi gave temporary inhibition by way of the splanchnics. 
There was also a slight loss of tonus but this returned to normal in a short 
period following the nen e section. Decerebration produced no effect on 
the stomach contractions (168). This is confirmatory with the work of 
von Openchowski (231/, 285) and of Meltzer and Auer (11/5), on rab- 
bits, who obtained the same results by stimulation of the sciatic with 
the vagi intact. 

In a further investigation by the writer (178) on the influence of the 
vagi on the motility of the empty stomach of Nec turns, it waB found that 
either stimulation of the peripheral or central ends of the vagus after 
unilateral vagotomy produced an inhibition of the stomach movements, 
the latter reflexly. This reflex was abolished by bilateral vagotomy. 
Therefore, the action of the vagi on the stomach of Necturus was in- 
hibitory — which is a reversal of the vagal action in the bullfrog and other 
higher animals with the exception of the turtle, in which some inhibitory 
fibers have been demonstrated by Bercovitz and Rogers (IS). 

Carlson (47), in experiments on dogs, found that section of both vagi 
produced a permanently hypotonic stomach. This differs from the work 
on frogs (171), in that the loss of tonus was only temporary. Cannon 
and Washburn (39) reported a slowing and weakening of the peristaltic 
movements of digestion after bilateral vagotomy in cats. These experi- 
ments were carried out, however, with a view of their effect on hunger 
peristalsis, so no stimulation was used. McCrea, McSwiney and Stopford 
(135) have cited numerous investigators who reported marked variations 
in different animals undergoing vagus stimulation. They conclude that 
additional work is necessary to confirm these experimental findings. 

Special technique : The animals used in these experiments were bull- 
frogs (Ram catesbiam). 

A stomostomy was made after the usual manner (168, 169) and the 
balloon method was used for recording the contractions of the empty 
stomach. 
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After a series of normal contractions were obtained from each animal 
the cerebral hemispheres were removed, since decerebration produces no 
effect on the stomach contractions ( 108 ). The animal was anesthetized 
and an incision two centimeters long made in the mid-line at the anterior 
borders of the tympanic membranes, and posterior to the eyes. The skin 
was held back by a hsemostat, and bone forceps were used to remove the 
skull bone, care being taken to prevent as much hemorrhage as possible. 
Small pellets of cotton were used to stop excessive bleeding. All of the 
cerebral hemispheres were removed back to the optic lobes. After bleed- 
ing had ceased, the skin was sutured over the cavity. 

Stimulation of the sciatic nerve was accomplished through the plexus 
in order to eliminate any reflex acti\ ity on the lower limb muscles. The 
right sciatic plexus was isolated by an incision made through the skin 
about two and one-half centimeters in length and just internal to the 
right ilium. The connective tissue between the skin and the ileo-coceygeal 
muscle was incised and the fibers of this muscle separated, which exposed 
the sciatic plexus lying beneath. The plexus was ibolated for its entire 
length, care being taken to avoid injury to the blood vessels. It was sec- 
tioned as far caudalward as possible and a silk thread tied around the 
end for handling. The left sciatic plexus was then isolated and sectione 1 
through an opening in the opposite coccygeal muscle in order to remove 
any reflex action on the skeletal muscles of the leg, inner \ated via the 
left sciatic. The Harvard shield electrode was employed to stimulate 
the right sciatic plexus and was held firmly in place by means of a band 
of skin about one centimeter in width, through which it fitted tightly. 
The end was carried under the skin to the opposite skin incision to project 
over the opening in the coccygeal muscle between the right ilium and the 
urostyle. The end of the electrode was then firmly attached to the urostyle 
with silk threads and the skin drawn around it and likewise attached. 
The sciatic nerve plexus was then placed in the electrode for stimulation 
with a rapidly induced current. The nerve plexus and incision was 
carefully covered with filter paper and moistened with physiological saline 
solution to prevent drying. This completed the experimental procedure 
on the decerebrate animal for sciatic stimulation. 

Both the right and left sciatic plexuses were stimulated in these 
animals but negative results were obtained on the stomach (Fig. 43 A 
and B). This offers evidence that the afferent sensory fibers of the sciatic 
do not have any reflex connection via nuclei in the brain controlling the 
movements of the empty stomach in the bullfrog. In higher animals such 
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reflexes occur, as has been shown by the writer (179) on monkeys, and by 
McCrea, McSwiney and Stopford (185) on cats, dogs, monkeys, rabbits, 
et al. These results on the bullfrog demonstrate that in the simplified 
nervous mechanism of this animal such highly developed and complicated 
reflexes do not exist. 

THE INFLUENCE OF STIMULATION OF TIIE VAGUS ON THE TONUS AND 
MOTILITY OF THE BULLFROG^ STOMACH 

It has been shown by the investigations of Carlson (44) and Cannon 
(30, 83) that the vagus exerts a controlling influence over the stomach 
in the maintenance of tonus, which is necessary for normal, functional 
activity. Whenever the vagal activity becomes impaired, either in the 
direction of an increase or a decrease, the gastric motility and tonus 
are also altered, which in the light of the more recent experiments of 
the writer on monkeys would have a definite bearing on the type of the 
muscular response of the gastric mechanism, as influenced by reflex 
activity from the various sensory surfaces of the body. Therefore, it 
will be interesting to note, through prolonged fasting in bullfrogs, 
whether changing conditions of tonus will modify the gastric response 
in a similar manner as in monkeys. 

For vagus stimulation an oblique incision was made through the 
skin in the region of the neck on the right side of the median line, 
ventral, after the general method of procedure for the isolation of this 
nerve already described in a previous section of this treatise — see p. 145. 
Upon exposure the nerve, which accompanies the blood vessels over the 
anterior border of the levator anguli scapulas muscle to which it is bound 
by connective tissue, is separated and sectioned just below the recurrent 
laryngeal branch in order to obtain as long a nerve as possible. This is 
necessary to prevent tension on the nerve when in position in the electrode. 
A silk thread is tied aiound the end of the nerve for handling. A trans- 
\erse slit is made in the skin about one centimeter parallel and anterior to 
the opening described. It should be just wide enough to admit the 
Harvard shield electrode, so it will fit tightly in place. It is held securely 
by silk threads attached to the skin and the electrode. The same tech- 
nique was employed for isolation and section of the left vagus with the 
exception that no shield electrode was used, and further, that the incision 
was closed with sutures. 

In a number of decerebrate animals used in this work, the peripheral 
end of the vagus nerve was isolated and stimulated to determine its 
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Fig. 43. — A, normal hunger contractions from the empty stomach of Frog III after a 
fast of nine days. B, hunger contractions from the empty stomach of the same animal 
after a fast of twelve days and twenty-five hours following decerehratlon. At x, weak 
tetanizing current applied to central end of right sciatic plexus, showing total absence 
of reflex action on stomach. St, stomach contractions. S, signal to Indicate zero pressure. 

effect on the stomach in situ. In all these experiments on the stimu- 
lation of this nerve, there was readily elicited gastric peristaltic activity, 
which could be observed through the skin and abdominal muscles with 
the animal lying on its dorsal side. Previous to stimulation the stomach 
was observed to exhibit no peristaltic movement as recorded by the 
manometer. This leads us to believe that there are motor fibers to the 
stomach by way of the vagi, as shown by stimulation of the peripheral 
end. This is the same result as that obtained by Eogers { 200 ) on the 




Fig. 44. — A, hunger contractions from the empty stomach of Frog IV after a fast of 
thirty-five days and fifteen hours following decerebration. B, hunger contractions from 
the empty stomach of the same animal after a fast of thirty-five and one-half days and 
twenty-five hours following decerebration. At x, medium tetanizlng current applied to 
central end of right vagus after unilateral vagotomy, producing temporary inhibition 
of the hunger contractions reflexly. C, hunger contractions from the empty stomach 
of the same animal after a fast of thirty-six days and forty-one hours following decere- 
bration. At x, medium tetanizlng current applied to central end of right vagus after 
double vagotomy. Note total absence of reflex inhibition of the hunger contractions. 
St, stomach contractions. S, signal to indicate zero pressure. 

177 
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*rop of the pigeon. When the central end of the right \agus was stimu- 
lated after unilateral \agotomy it resulted in a reflex inhibition of the 
htomach (Pig. 44 A and B). This reflex must have been by way of 
the left intact vagus since bilateral vagotomy abolished it (Pig. 44 C ). 
The same results were obtained on Xeciurus , a low type of amphibian, 
but the inhibitory effects were even more marked (178). Since 
motor effects were obtained on the stomach from stimulation of the 
peripheral end of the vagus, while inhibitory results followed stimula- 
tion of the central end of the same nerve after unilateral vagotomy, it 
would indicate that the motor fibers predominated over the inhibitory 
fibers in the vagus ner\e. This would account for the purely motor 
effects observed on the stomach during peripheral vagal stimulation. 

After a prolonged fast of eight hundred and' twenty-two hours (five to 
six weeks) gastric tetany was shown, in which groups of two to four 
contractions failed to fall to the original base line. This indicates a mild 
degree of gastric tetany which is present in the stomach of higher 
animals but which, heretofore, has not been recorded in most lower forms. 
Slight variations in gastric tonus were demonstrated, especially in cases 
where there was gastric tetany. Removal of the cerebral hemispheres did 
not change the type of contractions from the normal. 

However, because of the limited number of animals employed in this 
investigation, the results as yet cannot be considered conclusive. 

Reptilia 

Turtle ( Chehjdra serpentina) 

Studies were made on the common snapping turtle (Ghelyctra serpen- 
tina) (liSS). In this species the plastron is small and narrow, exposing 
a great amount of the fleshy parts. It was possible, therefore, to per- 
form a gastrostomy on these animals. An incision about three inches 
in length was made near the posterior curvature of the plastron of the 
left side through the abdominal wall, and the ordinary procedure then 
followed as outlined by Carlson for gastrostomy on dogs (H ) . As a rule, 
snapping turtles are very vicious (Fig. 45) and are rather unique among 
chelonians in defending themselves in a similar manner to snake*, that 
is, by “striking*’ at the object of anger. The rapidity with which the head 
is shot forward when these animals are disturbed rivals the dexterity of 
the rattlesnake, and when we consider that they are provided with a pair 
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of keen-edged, cutting mandibles and jaw muscles of tremendous power, 
the stroke of these dangerous brutes may be followed by anything but 
superficial injury. In fact the amputation of a finger by a medium-sized 
specimen, or a hand by a very large individual, would be an accomplish- 
ment of no difficulty to the reptile ( 67 ). Therefore, great precaution must 
be used in handling these animals for experimental purposes or otherwise. 
The safest way to handle a large specimen is to pick it up by the tail and 
hold it well off from the body, but I have found it also quite safe to handle 
it by the posterior lateral portions of the shell. The animals used weighed 
from 10 to 15 pounds, and the hunger contractions were recorded by a 
balloon introduced through the fistula into the stomach. During the 
recording of the contractions the animals were placed in a specially con- 



Fiu. 45. — The snapping turtles. 


structed box, 17.5 by 10.5 inches and 4.5 inches in depth, and supported 
on legs 13 inches in height, in the bottom of which was an oval opening 
7 inches in length by 4.5 inches in width (Fig. 46). This opening in the 
bottom of the box gave access to the fistula for the introduction of the bal- 
loon into the stomach and removed all possible danger of injury by the 
animals. This box was provided with a lid at one end covered with wire 
gauze, and was of such size that the animal was comfortable and could 
move about slightly, although the internal capacity was not sufficiently 
large to permit the animal to turn completely around (Fig. 47). With 
this arrangement the reptile, once it had quieted down, would remain 
passive for hours, and continuous records of the gastric hunger movements 
could be obtained with ease. All the records from the turtle were taken 
on a slowly moving drum revolving at the rate of about fifty minutes per 
revolution. 
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TIED CHARACTER OF THE MOVEMENTS OF THE EMPTY STOMACH 

The gastric hunger movements of the turtle’s stomach show an advance 
in physiological de\ elopment over the gastric hunger activity of the frog, 
and conform more to the results obtained from the stomachs of higher 
animals. In fact, this would be the natural thing for us to expect con- 
sidering the different positions that these two animals occupy in the ani- 



Fig. 4G. — The turtle box used during the observational periods. 


mal scale. Slight tonus variations are observed and two distinct types of 
hunger contractions may be described in the turtle. The first type of 
contraction in this animal (Pig. 48 A) shows an average duration of 
about one minute, and the intervals between the contractions vary from 
three to three and one-half minutes. These contractions at first appear 
to be less vigorous than those from the frog’s stomach and perhaps for 
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this reason they are slightly shorter in duration. This type of contrac- 
tion is characteristic of the early part of the hunger period and is no doubt 
analogous to the thirty seconds rhythm in man and dog, Type I contrac- 
tions. It also corresponds to the type of contractions described for the frog. 
The small irregular waves which appear here and there in the rest inter- 





Fig. 47. — The turtle box with side and lid removed to show position of animal. Large 
oval opening in bottom of box not shown in picture. 

vals between the individual contractions are exaggerated respiratory move- 
ments. The gastric contraction of the turtle, like that of the frog, is 
rather moderate in appearance and the curve is perfectly regular with no 
indication of smaller waves superimposed upon it. In the latter part of 
the active hunger period the Type I contractions above described gradu- 
ally change into a second type of contraction which tends to approach 
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Fig. 48. — Hunger contractions of the turtle's stomach after twenty-one days' fast. A, initial forty minutes of a five and one- 
half hours’ typical period of hunger contractions. B, final thirty minutes of the same active period. At x the active period ter- 
minates and the stomach passes Into a period of quiescence. Note iif tracing B the Incomplete tetanus. Water manometer. 



PATTERSON , GASTRIC HUNGER MECHANISM 


183 


incomplete tetanus at every regular periodic contraction of the stomach 
and this effect becomes more marked as the contractions continue. There 
is also an increase in gastric tonus during each contraction with its tetany 
and usually a slight but general increase in the whole tone of the stomach 
musculature (JFig. 48 B). This second type of contraction is probably 
the primitive ancestor of the twenty seconds rhythm in man. The con- 
traction with its incomplete tetanus shows an average duration of about 
two minutes, and the intervals between the contractions in this case vary 
from three and one-third to four minutes. The hunger contractions of 
the turtle, unlike those of the frog, but resembling those of the higher 
animals, fall into groups of gastric activity, separated by intervals of 
relative quiescence. The duration of the periods of gastric hunger ac- 
tivity vary from five and one-half to six hours and the intervening periods 
of quiescence of the stomach from one to one and three-quarters hours, 
with but one exception — in which the quiescent period was found to be of 
four and one-sixth hours’ duration. The period of gastric hunger ac- 
tivity in the adult turtle appears to be relatively long as compared to that 
of an adult dog (IGo), which ranges from one and one-half to three hours 
in length ; but again, when we stop to consider the place of this animal in 
the vertebrate scale we should expect it to take an intermediate position 
and that the gastric activity would also be intermediate between the frog 
and the higher animals. This is evidently the case. The gastric motor 
mechanism of the turtle shows a physiological development above the 
state of a simple, continuous contracting organ so characteristic of the 
stomach of the frog, yet it has not become sufficiently developed to be 
classed physiologically with the stomachs of higher animals. Therefore, 
it must play the important part of a connecting link in the gastric motor 
mechanisms of animals. The stomach of the turtle, like that of the frog, 
also exhibits the property of expansion and dilatation as determined by 
increasing the pressure in the balloon. 

THE INHIBITION BY ACID AND ALKALI 

Substances introduced directly into the stomach, via a small rubber tube 
passing through the fistula (water, 1 per cent, sodium carbonate and 0.5 
per cent, hydrochloric acid), produce inhibition of the gastric hunger 
contractions ; and the degree of this inhibition is in direct proportion to 
the stimulating power of the substances introduced. It is most marked 
in the case of the acid, and least in the ease of the water. According to 
the studies of Thorell ($25), by the use of adrenaline on reptiles this in- 
hibition would be effected through the action of the sympathetic. In gen- 
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eral, these inhibitory effects are in accord with those obtained from the 
empty stomachs of most other animals. 

TI1E EFFECT OF PROLONGED FASTING ON THE GASTRIC HUNGER ACTIVITY 

In prolonged fasting, the stomach activities in all mammals so far 
studied are greatly augmented and show without exception marked tonus 
variations in the stomach musculature. In dogs, during prolonged fast- 
ing there is a marked increase in the gastric tonus to within a few hours 
of the death of the animal, or at least, until that point is reached where 
the stomach becomes involved in the general debility and cachexia, and 
this increase in the gastric tonus appears to be directly proportional to the 
decrease in the amplitudes of the hunger contractions ( 100 ). In the 
turtle there are only slight tonus variations while in the frog there are no 
tonus variations of sufficient strength to be recorded by my apparatus, ex- 
cept in extreme fasting. There is no general increase in the gastric tonus 
in the turtle in prolonged fasting, but we have instead a marked increase 
in the amplitudes of the hunger contractions with no appreciable increase 
in the gastric tonus — as is shown by the accompanying chart (Mg. 49). 
The same results are indicated in the frog, although this animal was not 
subjected to such long periods of fasting. These results are just the reverse 
of what was found in the case of the dog (Fig. 75) . The longest fast on the 
turtle covered a period of sixty-four days, a little over nine weeks, during 
which time the animal took no food but had access to water except while 
the stomach records were actually being recorded. However, in the latter 
part of this fast there probably entered into the work, to some extent, the 
factor of thirst, since it was found advisable not to change the animal too 
often from the specially constructed box. The animal at this stage of the 
fast had become very restless and any disturbance tended to increase the 
restlessness, which made the record taking very difficult. At about the 
beginning of the fifth or sixth week of the fast, the turtle became so rest- 
less and uneasy that a good tracing could hardly be obtained. This rest- 
lessness gradually increased in intensity until about the eighth week, then 
gradually began to subside until the end of the fast, when the animal had 
become quite passive again. This indicates that the disagreeable hunger 
pangs in the turtle probably do not start as early as in the higher animals 
( 166 , 167 ) and that it also requires a longer time to fatigue the neurones 
in the central nervous system, which have to do with the sensation of 
hunger. This is the result we would rather expect in this low form of 
vertebrate since periods of enforced starvation are not uncommon among 
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Fig. 40. — Diagrammatic representation of the Increased amplitude of contraction on 
the base of the constant tonus as constructed from the tracings of the turtle on every fifth 
day. Each of the above squares represents one sq. cm. The erect pyramids Indicate the 
amplitude of the hunger contractions in centimeters arranged on the constant tonus as 
a base line. Spaces left to right Indicate periods of five days’ fasting. Heavy line at 
bottom of chart = 0 mm. pressure of water manometer. A to B = constant pressure 
of 2 cm. used throughout the experimentation. Note the enormous increase In the 
amplitude of the hunger contractions at the end of the 64 days’ fast. 
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wild animals. The amplitudes of the hunger contractions gradually in- 
creased with the length of the fast, the contractions became longer and the 
rate slower. The contractions, after a nine weeks’ fast (Fig. 50), show an 
average duration of about four minutes and the intervals between the con- 
tractions vary from three and one-half to four minutes. It will be seen 
from the above that the length of the hunger contractions under these 
conditions has been increased from two to four times. It is also of in- 
terest to note the ease with which these enormous hunger contractions 
are inhibited by forced respiratory movements, even at the time of the 
onset of one of these very strong contractions, as in B (Fig. 50). These 
respiratory movements or sighs are also exaggerated in prolonged fasting 
and during each of them the animal usually gives a hissing sound. 



Fig. 50. — Hunger contractions of the turtle’s stomach after nine weeks* fast. A, normal 
contraction. B, Inhibition of the very strong hunger contraction by the respiratory move- 
ment, D, with recovery through C. B=time in 30 second intervals. Water manometer. 


THE EFFECTS OF SEASONAL VARIATIONS ON THE GASTRIC OTJNGER ACTIVITY 

The effects of seasonal variations are well illustrated by the turtle. 
Records of the gastric movements have been taken through the changes in 
the seasons from August, 1915, to May, 1916, inclusive. In all instances 
the activity of the gastric motor mechanism followed the climatic changes 
in temperature (Fig. 51). In the coldest days of winter, when the turtles 
showed little or no gastric activity, placing the animals in a tank of warm 
water for half an hour would greatly augment the gastric movements. 
However, the gastric hunger movements in winter are never as vigorous as 
in summer, as is shown by my series of experiments. During the winter 
the turtles took no food, although it was offered to them many times. 
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In conclusion, the hunger contractions of the empty stomach of the 
turtle are very similar to those of the bullfrog. The rate of the contrac- 
tions is somewhat less, and there are periods of relative quiescence of the 
empty stomach, similar to that in mammals and birds. In prolonged star- 
vation the contractions become stronger and show a tendency to pass into 
short periods of incomplete tetanus. 

Aves 

Pigeon ( Columba sp.) 

The most recent work on the digestive apparatus of birds is that of 
Peed and Peed ( 19b ) on the mechanism of pellet formation in the great 



Fig. 31. — Gastric hunger con- 
tractions of the turtle at different 
seasons of the year. A, contrac- 
tions on a moderately cold day in 
winter (January). B, contractions 
on a very cold day in winter 
(January). C, contractions two 
and one-half days after the break 
of winter (March 28), weather 
mild and warm. 


horned owl, Bubo virgin ianus, but these investigators made no observa- 
tions on the gastric motility of this animal. 

The author (177) has repeated the experiments of Pogers {201) 
on the pigeon and both agree that the contractions of the empty crop 
of this species of bird may be studied either by the balloon method or by 
direct observation. In the normal bird these contractions are not easy 
to demonstrate except by the balloon method, since the hungry animal 
in a cage is in a state of restless excitement, in which it can be seen only 
that the crop is empty. If such a bird is quieted, however, in a partially 
darkened cage, with the observer sitting quietly at the side, the contrac- 
tions of the empty crop can be seen without any form of registering 
apparatus. This demonstrates that the presence of the balloon in the 
crop does not necessarily act as the stimulus to the contractions, and 
overcomes the objection of some to the balloon method for this type of 
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work. The failure of Kossi (i05) and Doyon (70) to control the in- 
hibitory influences is probably one reason for these investigators claim- 
ing that the empty crop is quiescent. The placing of blinds o\er the 
bird’s eyes usually has the same quieting influence as darkening the cage. 
Under these conditions, with the bird quiet, one is able to observe at 
intervals one or more deep peristaltic waves running over the entire crop ; 
and this is frequently the precursor of the bird becoming restless. At 
other times, instead of the periodic contractions the entire crop may be 
so constricted as nearly to obliterate its lumen. This indicates that 
there is a relation between tonus and distension as described by Cannon 



Fig. 52. — Dorsal aspect of head 
of pigeon after bone excavation 
and removal of cerebral hemis- 
pheres. Note the size and posi- 
tion of the bone openings, the 
bridge of bone in the center pro- 
tecting the median sinus and the 
mid and hind brain showing within 
the posterior portion of the cavity. 


(38) for the mammalian stomach, since peristaltic contractions will not 
appear on such a constricted organ. Between this high degree of con- 
striction and that of a partially relaxed crop oveT which run deep peri- 
staltic waves, there may be found air intermediate gradations in the same 
bird at different times. 

The preceding facts which with patience can be observed in the normal 
bird are more readily demonstrated in the decerebrate animal, for here 
the inhibitory influences are at a minimum. The behavior of the crop 
of the operated bird is practically identical with that of the normal, 
with the exception that the gastric activities are no longer related to dis- 
tant influences. 

The procedure involves etherization of the bird and surgical removal 
of all the forebrain anterior to the thalamus. Elaborate aseptic pre- 
cautions are unnecessary in pigeons. The chief difficulty is in removing 
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all of the forebrain without causing injury to the thalamus and cerebellum 
or injuring the cerebral circulation. The technique employed after ether- 
ization, consists of clipping the feathers from the top of the head and ex- 
posing the cranium by a longitudinal incision through the skin. With 
a scalpel, a small opening is drilled through the bone on each side over- 
lying the cerebral hemispheres of sufficient size to admit the point of a 
scissors blade, and the bone is then carefully removed, with the excep- 
tion of that portion directly over the median sinus. The dura should not 
be torn during this process. With fine pointed scissors an incision is 





Fig, 33. — Typical decerebrate pigeon, feathers raised, head drawn into shoulders, eyes 
closed, with balloon in crop connected with registering apparatus. 

tlien made through the dura, over both hemispheres. All this can be 
done practically without bleeding. A probe with the point curved to 
fit the posterior border of the cerebrum is then introduced under the 
dura and the brain substance removed, one side at a time, while the dura 
is left intact. Hemorrhage is controlled by gently packing with cotton. 
When the bleeding subsides, the cotton is removed, leaving the cavity 
empty, and the skin is sutured over the bridge of bone which protects the 
median sinus (Fig. 52). A thin coat of collodium over the incision com- 
pletes the procedure. 
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A fistula is now made in the crop directly following the decerebration 
and before the animal recovers from the anesthetic. The procedure con- 
sists of clipping off the feathers close to the skin from the lower end of the 
neck and the upper part of the breast. A small incision is made through 
the skin and the museularis of the crop. This incision forms the fistula 
into which is inserted a piece of soft rubber tubing about two inches in 
length and one-quarter of an inch in diameter, the tubing being slightly 
larger than the opening, thus putting the tissue around the fistula on the 
stretch and making secure the tube. No sutures are required. The crop 
end of the tube is cut obliquely while the exterior end is closed with a 
cork which is made secure by a safety pin. This also prevents the tube 
from being drawn into the crop. If the tube is removed the fistula will 
close in two or three days and the animal is none the worse for the opera- 
tion. Direct observation shows that such fistulse do not modify, or only 
vary slightly, the normal movements of the crop. In twenty-four hours 
the fistula tube may be removed and a rubber balloon introduced into 
the crop and connected with a water manometer for graphic registra- 
tion of the movements (Fig. 53). A balloon about 4 by 4 cm., of the 
condom type, is used and is tied with a silk thread on to the end of a 
flexible rubber tube about 4 mm. outside diameter, which contains a small 
metal or glass cylinder about 8 mm. in length and of such a size as 
exactly to fit into the lumen of the tube. 

THE CHABACTEK OF THE MOVEMENTS OF THE EMPTY AND FILLED CHOP 

The gastric apparatus of the pigeon is anatomically divided into three 
parts: crop, usually considered as a simple dilatation of the esophagus 
and similar in structure to it ( 24 ), the proventriculus or glandular 
stomach, and the gizzard or muscular stomach. All parts of this apparatus 
exhibit motility and. according to Kato ( 107 ), the pressure exerted by 
the contractions of the gizzard during hunger are greater than those 
occurring after feeding. These contractions may be obtained by simply 
pushing the balloon into the gizzard through a fistula made in the mid-line 
of the crop. From the standpoint of comparative anatomy, the crop of 
the bird may also be considered to correspond to the cardia of the stomach 
of higher animals. 

The hunger contractions obtained from the empty crop, like those 
obtained from the gizzard in fasting, are more vigorous than the digestive 
peristalsis after feeding. The hunger contractions of the empty crop 
exhibit a definite periodicity characteristic of the behavior of the empty 
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stomach of higher animals (Fig. 55). Sometimes the contractions are 
rapidly and continuously repeated for several hours, but they usually 
occur periodically in groups. On the contrary, the movements of the 
filled crop are of less amplitude, more irregular, and less indicative of a 
definite periodicity (Fig. 56). After feeding, the hunger contractions 
are usually entirely absent for thirty to forty-five minutes. Then, at 
short intervals, irregular contractions begin; after an hour or two they 
gradually increase in frequency and vigor, first appearing in groups of 



Fig. 54. — Diagram showing method of recording peristalsis of crop of pigeon. K, kymo- 
graph. F, glass float with recording flag. M, manometer, b, manometer liquid (water) . 
T, glass T-tube, for inflation of balloon. E, rubber tube connecting balloon with ma- 
nometer. S, crop fistula. B, rubber balloon In crop. E, esophagus. C. crop. P, proventri- 
culus. G, gizzard. CT, clamp and rubber tube. GP, glass pipette. EC, rubber cuff on end 
of pipette. GF, glass funnel. HO, rubber tube with open end in crop. ST, silk thread 
holding tubes together. 

three or four waves and then after five or six hours in groups of six to 
twelve or more, separated by intervals in which the crop is comparatively 
at rest. It requires from ten to twenty seconds for each peristaltic wave 
of the empty crop to complete its cycle, whereas the more rapidly repeated 
contractions of the lower part of the crop occur at the rate of eight to 
ten per minute. If the bird sets up a, struggling sidewise movement it 
indicates overdistension of the- balloon 1 or that the balloon is too laTge. 
It has then become a source of irritation. Sometimes a similar condi- 
tion results from overdistension of the crop with food. 
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Fig. 56. — Decerebrate pigeon. A. digestive peristalsis of crop thirty to forty-five minutes after feeding. Food in crop. B, time in 
five second intervals. Water manometer. 
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THE INHIBITION OP THE GASTRIC HOTILITY 

For studying the influence of inhibitory substances (liquids) on the 
movements of the empty crop or the stomach of other animals* a second 
rubber tube is attached to the basal portion of the balloon tube* with a 
silk thread with its open end extending to the mid-portion of the balloon. 
The other end of the tube is connected to the stem of a small glass funnel 
which has been heated and drawn out to fit the tube. Within the funnel, 
a pipette with a tapering end fitted with a rubber cuff fits tightly into 
the opening of the funnel stem. A rubber tube and clamp completes the 
pipette, so that any desired fluid may be retained therein until the desired 
moment, when by releasing the clamp it may be permitted to flow slowly 
through the tube and directly into the crop (Fig. 54). In the case 
of water there appears to be some quantitative relation between the 



Fia. 57. — Decerebrate pigeon. A, hunger contractions of crop thirty-two hours after 
feeding, crop empty. B, signal magnet. At x, 8 cc. water at room temperature was intro- 
duced directly into crop. Note the abrupt termination of the period of hunger activity, 
inhibition. Water manometer. (Tracing reduced about one-half.) 

volume of fluid introduced and the relation of tonus. Thus 2 to 4 cc. 
of water does not always produce this inhibitory action while 8 to 12 
cc. is effective (Fig. 57). More recently* the author has found* as stated 
elsewhere in this paper* that very small amounts of food given to mon- 
keys do not lead usually to gastric inhibition, while larger quantities prove 
effective. In cases where a study of inhibition is desired a larger fistula 
should be made in the crop and a rubber tube one-half inch in diameter 
inserted to keep the fistula open. 

It is therefore possible to utilize to advantage the decerebrate pigeon 
for a study of peristalsis, since removal of the cerebral hemispheres does 
not materially affect the peristaltic movements of the crop. This animal 
is even more suitable for use in the general student laboratory for such a 
study than the bullfrog, since decerebration transforms the nervous active 
bird into a stupid, lethargic creature which reacts only when stimulated. 
Hence* the bird, in addition to exhibiting the classical effects of decerebra- 
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tion, may be satisfactorily utilized even under the disturbing influences 
of. the student laboratory for a study of peristalsis. In larger animals, 
such as dogs, with gastric fistulse a study of peristalsis can be made only 
after a period of intensive training and under the quietest surroundings. 

Mammalia 

Guinea-Pig 

The guinea-pig also feeds at frequent intervals and the stomach is 
never found empty under normal conditions. Observations made by 
King and Connet ( 111 ) on this animal, by the fistula and balloon 
method, ha\e re\ ealed that the mild peristaltic waves of digestion be- 



Fig. 58. — Contractions of the guinea-pig’s stomach, showing the termination of a 
period of hunger activity, five hours after feeding. Note the gradually increasing strength 
of the contractions and the incomplete tetanus terminating the period. Three hours later, 
when the balloon was removed, the stomach contained food. Time in one second intervals. 
(Courtesy of Professor Jessie L. King, Goucber College.) 


come more and more intense until contractions such as might be classified 
as Type I hunger contractions occur. This type may continue for four 
hours, but they gradually merge into the more vigorous Type II and 
possibly Type III contractions, separated by periods of relative quiescence 
(Pig. 58). Substances like water, weak acids, etc., which usually pro- 
duce inhibition of such contractions, give negative results whether swal- 
lowed or placed directly in the stomach. After eating, the vigorous move- 
ments continue from thirty to sixty minutes and then merge into those of 
the mild peristaltic type. 

Decerebration results in the stomach producing contractions of a 
similar character with a marked increase in the rate, the stomach being 
in a hypertonic condition. It is believed that the absence of inhibitory 
impulses from the cerebral cortex accounts for these striking variations, 
the positive influence of the brain on the stomach motility originating 
below the cerebrum. 
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Babbit 

Rogers (200) made gastric fistulas in rabbits by opening the abdominal 
cavity about one inch to the left of the mid-ventral line and as close to 
the costal border as possible, suturing the muscularis of the fundic por- 
tion of the stomach to the peritoneum and oblique muscles and the gastric 
mucosa to the skin. These fistulas were made rather small so that there 
would be little leakage of gastric juice or loss of ingesta. The balloon 
method was used. The rabbit, like other herbivorous animals, feeds at 
frequent intervals, and under normal conditions the stomach is never 



Fio. 50. — Contractions of the rabbit's stomach, a , normal digestive peristalsis : b, 
after 24 hours' starvation ; c, after 75 hours’ starvation ; d, after 92 hours’ starvation ; 
c, after 110 hours’ starvation. The animal died a few hours following the recording of 
the last tracing. (Courteby of Profebsor F. T. Rogers, Baylor University Medical School.) 


found empty. In no case did any animal survive a period of continuous 
starvation of more than seven days and in all such cases there were con- 
siderable amounts of moist residue in the stomachs, at death, which 
ranged from 8 to 13 grams. Normally the moist contents of the adult 
rabbit’s stomach weigh 90 grams or more. The animal, soon after being 
deprived of its usual food, provides a substitute by eating its own 
excreta. 

Since normally the rabbit’s stomach is never empty, it is to be ex- 
pected that gastric digestive peristalsis will always persist. However, 
as the period of starvation is prolonged, the stomach contractions are 
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altered. Instead of being the gentle peristalsis of normal digestion, they 
become relath ely powerful contraction wa\es which rapidly follow one 
after the other with a tendency for each peristaltic wave to pass into a 
short period of tetany. During hunger the strength of these contractions 
is accentuated, there being no indication of rest or periodicity until a 
short time before death from starvation (Fig. 59 a, b, c , d and e). 
These findings are in general agreement with those of Schalk and Amadon 
(209) on the goat. 

Gastric tonus variations were observed more frequently during hunger 
than during digestive peristalsis. It is suggested that the increasing 
muscle tone of the stomach, as starvation is prolonged, may play a part in 
causing the sensation of hunger. 

It is also interesting to note that the sight, smell, taste, or chewing 
without swallowing, of various foods, do not inhibit the hunger contrac- 
tions. This is in striking contrast to the ease with which similar sub- 
stances will produce gastric hunger inhibition in man, monkey, dog, etc. 

Siieep 

Mangold and Klein (131) ha^e made studies on the motor phenomena 
of the four divisions of the stomach of the sheep, particularly as in- 
fluenced by the vagi and splanchnic nerves, by the method of direct in- 
spection after opening the abdomen (Fig. 60). Chronic experiments 
were made with section of the various gastric nerves. The most striking 
new result reported is that section of the left vagus produces no disturb- 
ance of the gastric motor function, while section of the right \ agus causes 
death from starvation through persistent pylorospasm. The right vagus 
carries predominantly inhibitory fibers to the pylorus and in the absence 
of this inhibitory tonus the motor tonus of the splanchnic nerves main- 
tains a persistent tonus so great that the animal dies of starvation. Either 
vagus alone suffices to maintain rumination, while section of both vagi 
destroys it. The sympathetic nervous system is evidently incapable of 
maintaining this process. 

Magee (81^5) has also Btudied the nature of the nervous control of the 
fore-stomachs indirectly by observing the effects on the reticular contrac- 
tions produced by drugs having an influence on the parasympathetic 
nervous system. Atropine and amytal, which block impulses via the 
vagus, slowed the contractions, while pilocarpine, which intensifies vagal 
activity, caused tetany of the reticulum. Adrenalin, which induces sym- 
pathetic effects, slowed the contractions. This investigator, therefore. 
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concludes that the vagus in general supplies the motor and the splanchnic 
the inhibitory impulses to the fore-stomachs. 

Furthermore, Magee ( 245 ) has made X-ray studies on the dexelop- 
ment of the fore-stomachs of a lamb and a young goat at intervals from 
the age of 3 weeks until the viscera attained adult form. He found that 
the stomach of the Aerv young animal (3 weeks) was of the simple type, 
which exhibited a distinct peristalsis in the pyloric region. At the end of 
the first month, a small shadow appeared near the esophageal opening 
and anterior to the abomasum, which was taken to be the reticulum. At 
the end of the second month, this pouch became more discernible and at 
three months a further fluid level was distinguished with a gas bubble on 



Fig. 60. — Diagrammatic 
representation of the stom- 
ach of a ruminant. E, 
esophagus; Ru, rumen or 
paunch ; Ret, reticulum or 
honeycomb ; Om, omasum or 
psalterium ; Abm, aboma- 
sum or rennet ; I, intestine. 
The arrows indicate the 
course of the food substance 
through the stomach, in- 
cluding the process of rumi- 
nation or the remastication 
of the ingesta. 


top situated dorsal to the abomasum. This sac was taken to be the rumen. 
As age advanced, the reticulum and rumen became more and more obvious, 
until at about the sexenth month the adult form appeared. The first 
throe pouches of the ruminant’s stomach have their origin from the caudal 
end of the wall of the esophagus. These pouches are rudimentary at birth 
and during nursing life ; but they develop rapidly after the animal begins 
to eat coarse fodder. A further consideration of the movements of the 
divisions of the stomach of the sheep and goat will be found in the follow- 
ing section on the goat. 

Goat 

Like the stomachs of other herbivora in general, the stomach of the goat 
is probably never completely empty of food, digestion being more or less 
of a continuous process. Preliminary studies on the rumen, which 
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biologically corresponds to the cardiac portion of the stomach of 
other mammals, have been reported by Schalk and Amadon {209), using 
the gastric fistula and balloon method. The body of the rumen exhibits 
strong periodic contractions, independent of those concerned with the 
regurgitation of the food bolus into the mouth, i. e., the act of rumina- 
tion (Pig. 61 [1]). These contractions differ from those reported on the 
horse by the same observers and on man, monkey, dog, etc., in not ex- 
hibiting periodic activity. In other words, the contraction periods which 
alternate with the quiescent periods in the animals mentioned above are 
entirely lacking in the goat. The contractions vary in intensity and 
appear to be practically continuous, and they occur when the rumen 



Figl 01. — 1, Normal rumen peristalsis of the goat. 2, eating oats. Finished eating at 
point marked by arrow. Note the rapid, powerful feeding contractions. (Courtesy of 
Professor A. F. Schalk, The Ohio State University.) 


is partly empty and the animal is manifesting external symptoms of 
hunger, such as restlessness, etc. When the animal is fasted for several 
days, or the greater part of the ingesta is removed in the rumen through 
the fistula, these contractions become stronger without much change in 
rate. The motor conditions in the goat are essentially similar to those 
found in the rabbit and guinea-pig. The digestive contractions of the 
filled rumen pass gradually into the stronger contractions of the empty or 
partly empty rumen and these latter are provisionally called the “hunger 
contractions,” assuming that it is the partly empty rumen that gives the 
impetus to feed (Fig. 61 [£] ) . The only apparent difference between 
the completely filled and the partly empty rumen is the difference in 
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tonus and strength of contraction. The feeding response is similar to 
that found in the stomach of the horse. 

Furthermore, the observations of Magee (245) on the movements of the 
different compartments of the stomach of goats and sheep of varying ages 
by means of X-ray studies of the movements of large opaque BaS0 4 and 
CaS0 4 pills (about one centimeter in diameter) , which were of varying 
specific gravity, have given us important facts in determining the rates 
of contractions of the gastric viscera and the range of movement under- 
gone by the ingesta. However, this investigator found that the changes 
in shape which the different divisions of the complex stomach of the 
ruminant assumed could be better studied by the administration of 
opaque meals. The opaque pills were of particular advantage in studying 
the contractions of the rumen and reticulum since they were very hard^ 
and if they remained in these compartments, they were found to resist 
fermentation changes for periods up to 14 days. Heavy pills generally 
entered the reticulum immediately, where they remained for periods up 
to 9 days, while light pills, when they entered the reticulum at first, did 
not remain for more than about 30 minutes, the length of their stay in this 
sac being dependent on the specific gravity of the pill; the higher the 
specific gravity, the longer they remained. Sooner or later, however, they 
were shot rapidly into the rumen, where they moved about for a variable 
time before entering the omasum. Rumination increases the rapidity 
of the reticular movements and makes them more extensive. 

The reticular movements in the adult animal were found to be very con- 
stant, often varying by no more than ± 5 seconds, during a period of 5 
hours. In different animals the interval varied from 40 to 80 seconds, 
and it was not appreciably influenced by periods of fasting up to 48 
hours. Fasts of longer duration, however, appeared to affect the fre- 
quency. Emotional states slowed the rate, as exhibited in animals un- 
accustomed to the experimental procedure, so that intervals of several 
minutes might be observed. In immature animals the contraction rate 
was slow, but it increased with growth and the results from a young goat 
gave the mean intervals, for the following ages to be — 1 months, 90 sec- 
onds; 6 months, *15 seconds; 9 months, 40 seconds. 

The omasa! relaxation, which probably occurs at the height of the reticu- 
lar contraction, results in a fall in pressure from the reticulo-rumen to 
the omasum, thus permitting the onward passage of ingesta from the 
former to the latter compartment. This is probably due, chiefly, to an 
aspiratory act on the part of the omasum. It is followed by a slow but 
powerful contraction of the omasum, which doubtless squeezes the fluid 
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into the vestibule and thence into the abomasum, the solid material being 
at the same time trapped between the laminae of the omasum. In the 
absence of a sphincter at the omaso-abomasal orifice some other mechan- 
ism must function to protect the abomasum against overfilling, and 
Wester ( 249 ) has shown that pressure in the omasal vestibule inhibits 
the contractions of the other fore-stomachs, and it is likely, as Wheelon 
and Thomas ( 250 ) found in man, that duodenal distension inhibits the 
pyloric contractions. Furthermore, it is thought, that the variations in 
the rate of contraction of the reticulum and rumen are probably to be 



Fig. 62. — An ideal gastric fistula in a cow, several months after operation. Note the 
smooth skin-rimmed border of the fistula and the normal condition of the animal. 
(Courtesy of Professor A. F. Schalk, The Ohio State University.) 

accounted for by impulses of different intensity emanating from the 
intestine and abomasum. 

The abomasum is lined with glandular epithelium and is, therefore, 
the homologue of the stomach in man. Its pyloric portion is tubular 
and at its exit into the duodenum there is a well-developed sphincter. 
X-ray observations showed this division of the ruminant’s stomach to 
exhibit typical peristaltic contractions in its pyloric portion, and it was 
assumed, that feebler contractions, probably of a tonal type, were present 
in the fundic or upper portion of the abomasum. It is believed, as in 
the case of the human stomach, that the chief objective of the fundic 
movements is to maintain a more or less constant pressure on the in- 
gesta so that the pyloric portion is kept full. 
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Magee (245) also found that the blood sugar in fasting animals 
varied from 63 to 86 mgm. per 100 ce. and that it .rose steadily from the 
40th to the 16*9th hour of fasting. He also observed that the fore- 
stomachs contained food after 7 days* fasting, which would indicate that 
fermentation of carbohydrate material* was going on during this period. 
Furthermore, the percentage increase in blood sugar after carbohydrate 
meals was found to be greater in fasted than in the non-fasted animals. 

Ox 

Rumination, or the remastication of food, is an interesting and radical 
departure from the ordinary phenomena attending the digestive process 



Fig. 63 — The cow, with rubber balloon In stomach connected with resistance and 
recording manometers used for kymographic registration of the gastric motility of differ- 
ent divisions of the bovine stomach. (Courtesy of Professor- A. F. Schalk, The Ohio State 
University.) 


in most types of animals. The stomach of the ox is morphologically a 
very voluminous organ that has a capacity of 20 to 40 gallons, depending 
•upon the size of the animal. It is compound in type as is true of the gas- 
tric apparatus of all ruminant animals. Four distinct cavities or com- 
partments are present, which are known as the reticulum, rumen, omasum 
and abomasum (Fig. 60). The first three are proventriculi or dilations 
of the esophagus, and their mucosa does not secrete any digestive fluids. 
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The abomasum is the true stomach where the mechanically prepared food 
materials first meet the solving action of the digestive secretions. The 
rumen forms 80 per cent, of the a\ ailable space within the stomach ; the 
reticulum 5 per cent. ; the omasum 7 to 8 per cent, and the abomasum the 
remainder. 

Schalk and Amadou (210) have studied the motor functions of the 
bovine stomach by means of direct visual inspection, palpation and the 
gastric balloon. They made fistulous openings in the rumen 4 to 7 inches 
in diameter and of sufficient size to admit a man’s hand and arm (Fig. 
62). This portion of the stomach is m close approximation with the left 
abdominal wall and such an opening can be made at a point sufficiently 
high to avoid any great loss of fluid or solid ingesta (Fig. 63). Records 


.UlXlUi — ] 


w. 





A v 


t 


\ ‘h / 

W 


n 


Fi<* 04 — Gastnc activity in tlie different divisions of the bovine stomach. (Courtesy 
of Professor A F. Schalk, The Ohio State University ) 


of the motility within all four divisions of the gastric complex have been 
recorded (Fig. 64). 

According to these investigators the motility of the reticulum and rumen 
consists of a primary wave of peristalsis, originating in the region of the 
cardia and spreading progressively posteriorly, terminating in the ventral 
rumen structure. This is followed by a secondary peristaltic wave, orig- 
inating about the anterior pillar and following the same course as the 
primary wave, and confining its activities entirely to the rumen. During 
rumination the motility is the slowest. At the cessation of rumination 
there is a perceptible increase in motility, which becomes markedly accel- 
erated when the animal is eating. The phenomenon of regurgitation and 
the initiation of rumination are the culmination of a systematic succession 
of events governed probably by a complex reflex mechanism. With the 
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proper stimulus, moisture content, and volume ot mgesta present, an 
extra-reticular contraction occurs just a fraction of a second previous to the 
regular reticular contractions. The cardia becomes submerged by a volume 
of porridge-like material, the glottis closes, the cardia opens funnel-like, 
the ingesta rush in, the cardia closes, and the bolus is formed and starts 
upon its retrograde course up the esophagus by antiperistalsis — aided pos- 
sibly by a created vacuum. 

It is further stated by these investigators that the center of sensitivity 
for the exciting of the reflex act of rumination is in the anterior dorsal 
region of the rumen in the vicinity of the cardia. The ingestion of food 
appears to diminish the amplitude of the omasal contraction and to in- 
crease their frequency. Rumination periods diminish the frequency of 
these contractions but improve the regularity of their occurrence. Lack 
of ingesta within the rumen stimulates the tonus of the muscular walls 
and the size of the cavity is greatly diminished, while in the empty state 
it exhibits almost constant movement. 

House 

In the equine stomach it is interesting to note the small size of the 
organ as compared with the size of the animal, the capacity being between 
3 and 4 gallons. The cardia and pylorus are in close proximity, the caTdia 
being almost directly above the pylorus. The dorsal extremity of the 
organ forms an extensive blind pouch or cul de sac , termed the saceus 
caucus, which extends eight to ten inches above the cardia. 

Schalk and Amadou ( 209 ), in their preliminary studies on the gastric 
motility of this animal, used an ordinary toy balloon which was introduced 
via the naso-esophageal route and connected with a large water manometer 
(1 inch inside diameter). This animal is not suited for gastric fistula 
because of the distance of the stomach from the body walls. The use uf 
the heavy walled balloon, and the uncertainty of getting the balloon into 
the same position in the stomach for the different periods of study, have 
probably led to considerable irregularity in the type of contractions re- 
corded and to the registering of changes in tonus. It is evident, however, 
from the results reported, that hunger occurs in the equine stomach and 
even in the presence of relatively large quantities of food. The hunger 
state manifests itself in the form of more or less powerful contractions 
which may develop as early as five hours after feeding. These contractions 
appear in groups or periods separated by periods of relative quiescence, 
lasting from fifteen minutes to one hour or more in some ani m als (Pig. 
65 [12 and 13] ). The hunger contractions gradually increase in strength 
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Fig. 65. — 12, gastric hunger contractions of the horse, sixty hours after feeding, show- 
ing sudden change from the active to the quiescent condition. 13, thirty-five minutes 
later, with the return of the periodic gastric hunger activity. (Courtesy of Professor 
A. F. Schalk, The Ohio State University.) 


until they finally end abruptly or in hunger tetany (Pig. 66 [14 and 15] ). 
The periodicity and types of endings of the hunger activity periods are 
characteristic of those found in the stomach of man, monkey and dog, 



Fig. 66. — 14 and 15, gastric hunger contractions of the horse, ending in a prolonged 
period of incomplete tetanus practically identical with that of monkey and man. 
<Courtesy of Professor A. F. Schalk, The Ohio State University.) 
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with some variations in the duration of the active and rest periods. It 
is claimed further, although the results are not constant under all condi- 
tions, that the introduction of food into the stomach leads to the produc- 
tion of very rapid and powerful contractions which cease at the end of 
the feeding period, the stomach remaining in a period of almost absolute 
rest until it gradually comes out of this state and passes into regular di- 
gestive activity. 

Dog (Canis familmris) 

It has been known for a long time that the young and growing in- 
dividual experiences greater hunger than the adult or aged individual. 
This would appear to indicate that the hunger contractions of the stom- 
ach decrease with the age of the animal. If the gastric hunger mechanism 
is closely correlated with the animal’s ^actual need of food, one would 
naturally think that the activity of a young animal's stomach would be 
much more marked than that of an aged animal, for healthy young ani- 
mals are usually more active than older ones and this indicates a greater 
metabolic activity on the part of the organism, to say nothing of the ad- 
ditional requirements for growth. Apart from this correlation of gastric 
hunger activity with the food requirements of the animals at different 
ages, it is probable that the gastric hunger mechanism itself "grows old/ 5 
parallel with the aging of the animal as a whole, as is the case with most of 
the organs of the body. As a rule, the increasing age of an qrgan is par- 
alleled by decreasing activity of the organ. The stomach of an old animal 
may therefore exhibit less vigorous hunger contractions because of the 
actual age of the stomach itself, irrespective -of correlations with bodily 
needs. 

Experiments were carried out on four groups of dogs of different 
ages, namely, on pups five weeks to six months of age, on young adults, on 
adults and on old adults (165). In all cases care was taken to select 
only clogs in good condition and perfect health, as far as could be judged 
by actions and external appearances. These dogs were operated on for 
gastric fistula according to the method described by Carlson (JM) and 
as soon as the wound healed sufficiently, which usually required from five 
to seven days, the movements of the empty stomach were studied by intro- 
ducing into the stomach a delicate rubber balloon which was connected 
with a chloroform manometer and used with a pressure of from three to 
six centimeters. The observations were made twenty-four hours after 
feeding, in order to assure an empty stomach. The animals were given at 
least one day or more of rest after each experiment so as to be in a per- 
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fectly normal condition when used again. During the taking of the re- 
cords they were held in the lap, apparently without any appreciable dis- 
comfort, for they nearly always slept through a large part of the experi- 
ment. In fact, they became so well trained after a few trials that when 
removed from the cages they would follow the author from one room of 
the laboratory to another and watch for the first opportunity to jump into 
his lap in order to cuddle down and go to sleep. Five different series of 
records of the hunger movements of the empty stomach were obtained 
from each dog on five separate days, the continuous experimental periods 
ranging from two and one-half to four and one-half hours, respectively. 
This first series of dogs was then followed by a second similar series as 
controls. 

In addition also to the two above series of dogs, a small pup five to six 
weeks of age was operated on for gastric fistula. This was on August 4-, 



Fig. 07. — Tracings from the empty stomach of a very young pup, five to six weeks 
of age, showing the very rapid contractions and the very short quiescent period, a to b, 
of two and one-half minutes’ duration. Water manometer. One-half the original size. 

and three days later the wound had healed so that the first record of the 
stomach’s movement was taken. Since this animal was so very small, it 
was necessary to use a smaller balloon and also a different manometer. 
The balloon used was of the same delicacy as those used on the older dogs, 
but was only about one-third as large. It was connected with a water 
manometer with three to six centimeters’ pressure. As it was found im- 
practicable to hold such a small animal in the lap, an office arm chair was 
selected and covered with a laboratory coat, the front of the chair seat 
being rather darkened and boxed in by raising the lower portion of the 
overlapping coat and attaching it. Here the pup was placed and after a 
trial or two he became so well accustomed to his new environment that 
nothing suited him better than a good long nap there. No control was 
run on this young pup because no other pup of that age was available, but 
of the series of records obtained several were of longer duration than any 
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taken on the other dogs, the longest one representing a continuous period 
of six and one-half hours, in which there was only one true rest period 
lasting two and one-half minutes (Fig. (57). This particular record was 
commenced eighteen hours after the feeding of the animal. All the re- 
cords were taken on a slowly moving drum revolving at the rate of about 
fifty minutes per rev olution. The time for the contraction and quiescent 
periods was figured by means of a chronometer record. 

THE VARIATIONS IN THE IIUNGEE CONTRACTIONS OF THE EMPTY STOMACH 

WITH AGE 

The general character of the gastric hunger contractions in adult dogs 
has been reported by Carlson (H). After the introduction of the balloon 
into the stomach there is usually a short period of inhibition and as the dog 
becomes quiet there is an increase in the tonus of the stomach. The strong 
hunger contractions gradually increase in amplitude and the pause be- 
tween them becomes shorter and shorter until the period usually ends in 
powerful and rapid contractions approaching incomplete tetanus. This 
is very evident in the older dogs and less so in the younger dogs, where the 
stronger contractions are going on practically all the time. Furthermore, 
the regularity of these movements is greatly disturbed and also inhibited 
for a longer or shorter period, depending on the disturbing influence, such 
as noise, fright, pain, anger, exciting influences, sight or smell of food, 
irritation — such as around the fistula due to the presence of gastric juice 
— or by an unhealthy condition of the dog. In all the dogs studied, the 
strong hunger contractions were usually preceded by restlessness as was 
shown by the twitching of certain skeletal muscles, slight groaning, or 
stretching and waking from sleep. At times these disturbances were 
noted in the upstroke of the curve, thus indicating that they are more or 
less disagreeable and painful to the animal. These effects appeared to be 
more magnified in the young animals than in the old, especially in the 
pups five to six weeks, and five to six months, of age, respectively. 

The results summarized in Table X were computed from the tracings 
made from the different series of dogs and these figures in each case rep- 
resent as nearly as possible the true time of activity and rest of the empty 
stomach, everything in the records of a doubtful character, or of an ab- 
normal nature caused by disturbing influences, being entirely eliminated. 
A comparison of some of the records made from the different dogs may 
be had by a study of figures 67, 68 and 69. Carlson and Ginsburg (51 ) 
have extended the work of the writer to pups delivered by Caesarian sec- 
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tion eight to fourteen days before term, in which they found continuous 
motor activity of the empty stomach. In infants the typical hunger con- 
tractions begin from two and one-half to three hours after the previous 
nursing. 

As regards variation of stomach movements between dogs of different 
ages, the chief and practically the only constant difference was found in 
the length of the periods of contraction and the periods of quiescence. 
In all cases the periods of quiescence are the longest in old dogs, varying 
from one and one-sixth to four and one-sixth hours, and rapidly decreas- 
ing in length, proportionate to age, of two and one-half to three and four- 
tenths minutes in the very young pup of five to six weeks. Conversely, 
the periods of contraction are the longest in the young dogs — f or instance, 
in the very young pup the recorded periods run from four and one-half to 
five and two-thirds hours — and they rapidly decrease in length propor- 
tionate to age, in the old dogs from thirty minutes to two hours, thus 
showing that the stomach's activity is in direct proportion to the age of 
the animal. 

The rapidity of the strong hunger contractions during the active periods 
appears on the whole to be greater in young animals than in old. The 
tonus of the stomach and also the strength of the contractions in young 
animals may be slightly higher, but they are subject to great variations. 
The decrease in the activity of the stomach as the animal approaches senil- 
ity is probably an explanation, in part at least, for the more chronic gas- 
tric disturbances in the aged. 

To summarize : in healthy dogs the hunger contractions of the empty 
stomach decrease with age. This decrease appears to some extent in the 
tonus and in the rapidity of the hunger contractions, but is particularly 
marked in the duration of the periods of hunger activity and the interven- 
ing periods of quiescence of the stomach. On the whole the decrease in the 
gastric hunger activity is proportional to the advance in age. In very 
young dogs the hunger contractions of the empty stomach are practically 
continuous. 

Two factors are probably involved in this variation of the gastric hunger 
contractions ; namely : (1) the actual age of the gastric motor mechanism ; 
(2) the correlation of the gastric hunger mechanism with the metabolic 
gradient or the need of food. The relative importance of these two fac- 
tors must be determined by direct experiment. 

Further investigation (166) on prolonged fasting in young and old 
dogs has revealed the fact that in extreme stages of starvation there 
may be a prolonged Type III hunger contraction which also must be 
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Fro. 71. — Type II. When the stomach is in relatively strong tonus, the hunger contractions follow one another in rapid succession ; that 
is, without any intervening pause. The duration of the contractions varies between 20 and SO seconds. These contractions are frequently 
Interrupted by periods of incomplete tetanus, lasting from 1 to 5 minutes, and the periods may last from 2 to 0 hours. 
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tions averages 12 to 15 seconds, and the periods may last from 20 minutes to 2 hours. 
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dependent upon a certain degree of stomach tonus. This exaggerated 
type of hunger contractions appears to be of very short duration and 
is present only during the last 48 to 60 hours previous to the death 
of the animal from prolonged starvation, as indicated by my records. 
It always occurs in Type III hunger contractions (incomplete tetanus or 
strong stomach tonus) and consists of a very abrupt outbreak represented 
by an enormous increase in gastric tonus of the composition of incomplete 
tetanus which may even approach complete tetanus, superimposed upon 
the Type III contractions, which is then followed for a brief period after 
the relaxation from the extra tonus by hunger contractions characteristic 



Fig. 73. — Tracing showing tonus and hunger contractions of young Dog B (Series I — 
control) after 360 hours (15 days) starvation; a. Type III contractions; b and c, 
prolonged Type III contractions showing strong tetany portion followed by characteristic 
Type II contractions on the tonus of Type III. Chloroform manometer. Black line 
below tracing = 0 mm. pressure. About two-fifths the natural size. 


of Type II on the tonus of Type III contractions which gradually changes 
back into the true Type III contractions without any appreciable change 
in the gastric 'tonus. For the different types of hunger contractions in 
dogs see figures 70, 71 and 72. The length of the tetany periods of these 
prolonged Type III hunger contractions, as shown from the drum records, 
varies from about two and one-half to four minutes, and the duration of 
the entire period, including the tetanus and the characteristic Type II con- 
tractions, varies from about five to thirteen minutes. These periods grad- 
ually increase in length from their first appearance with the increase of 
the starvation until just a few hours before death when the gastric motor 
mechanism seems to lose its activity . A typical tracing illustrating t his 
type of h ung er contractions is reproduced in figure 73. In the following 
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brief protocols and elsewhere this exaggerated type of hunger contrac- 
tions will be referred to as the prolonged Type III hunger contractions, 
the probable cause of which will be discussed more in detail later. 

Series I. Dogs A and B . Control Experiments 

Dog A (very old adult) : 

July 20. Fast 29 hours. Type II hunger contractions feeble. Gastric tonus 
3 cm. with increase to 4 cm. Slight tonus rhythm. 

July 21. Fast 52 hours. Type II contractions. Gastric tonus 3 cm. with 
increase to 4.25 cm. Slight tonus rhythm. 

July 22. Fast 76 hours. Type II contractions. Gastric tonus 3 cm. with 
increase to 4.25 cm. Slight tonus rhythm. 

July 23. Fast 96 hours. Type III contractions. Gastric tonus 3 cm. with 
increase to 4.50 cm. Very slight tonus rhythm. 

July 24. Fast 125 hours. Type III contractions (feeble). Gastric tonus 
3 cm. with increase to 3.50 cm. Slight tonus rhythm. (Dog rather depressed, 
sore eyes, etc.). 

July 25. Fast 148 hours. Complete absence of hunger contractions. Gas- 
tric tonus remains constant at 3 cm. No gastric tonus rhythm. (Dog ill with 
general dog distemper — heavy respiration) . 

July 26. Dog found dead in the morning. 

Dog B (young pup 5 to 6 months) : 

July 20. Fast 30 hours. Type II contractions. Gastric tonus 3 cm. with 
Increase to 4 cm. Slight tonus rhythm. 

July 21. Fast 53 hours. Type II contractions. Gastric tonus 3 cm. with 
increase to 4.50 cm. Slight tonus rhythm. 

July 22. Fast 77 hours. Type II contractions (vigorous). Gastric tonus 
3 cm. with increase to 4.75 cm. Slight tonus rhythm. 

July 23. Fast 97 hours. Type II contractions. Gastric tonus 3 cm. with 
increase to 4.50 cm. Slight tonus rhythm. 

July 24. Fast 131 hours. Type II and III contractions. Gastric tonus 3 
cm. with increase to 4.75 cm. Slight tonus rhythm. 

July 25. Fast 130 hours. Type II and III contractions. Gastric tonus 3 cm. 
with increase to 4.50 cm. Very slight tonus rhythm’. 

July 26. Fast 169 hours. Type II and III contractions. Gastric tonus 3 
cm. with increase to 5.25 cm. Very slight tonus rhythm. 

July 27. Fast 191 hours. Type II and III contractions. Gastric tonus 
3 cm. with increase to 6.25 cm. Very slight tonus rhythm. 

July 28. Fast 215 hours. Type III contractions. Gastric tonus 3 cm. with 
increase to 7 cm. Slight tonus rhythm. 

July 29. Fast 239 hours. Type III contractions. Gastric tonus 3 cm. with 
increase to 6.50 cm. Very slight tonus rhythm. 

July 30. Fast 263 hours. Type III contractions. Gastric tonus 3 cm. with 
increase to 6.50 cm. Slight tonus rhythm. 
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July 31. Fast 287 hours. Type III contractions. Gastric tonus 3 cm. with 
increase to 0.25 cm. Slight tonus rhythm. 

August 1. Fast 317 hours. Type III and prolonged Type III contractions. 
Gastric tonus 3 cm. with increase to 6 cm. in Type III and to 7 cm*, in tetany 
portion of prolonged Type III contractions, the characteristic Type II con- 
tractions keeping the same gastric tonus as Type III. Length of complete 
period prolonged Type III contractions 6 minutes; length of tetany portion 
2.50 minutes. Slight tonus rhythm. 

August 2. Fast 336 hours. Type III contractions. Gastric tonus 3 cm. 
with increase to 6.30 cm. Very slight tonus rhythm. 

August 3. Fast 300 hours (15 days). Type III and prolonged Type III 
contractions. Gastric tonus 3 cm. with increase to 3 cm. in Type III and to 
9.25 cm. in tetany portion of prolonged Type III contractions, the characteristic 
Type II contractions keeping the same gastric tonus as Type III. Length 
of complete period prolonged Type III contractions 13 minutes; length of 
tetany portion 4 minutes. Very slight tonus rhythm. (See Fig. 73). 

August 3. Fast 368 hours (15% days). Complete absence of hunger con- 
tractions. Gastric tonus remains constant at 3 cm. No gastric tonus rhythm, 
but a marked respiration. (At the time this record was taken the pup was 
in such a weakened condition from the long fast that the tracing was con- 
cluded after 30 minutes, when the animal passed into vomiting spasms.) The 
pup died in about one hour without the slightest struggle, apparent pain, or 
discomfort — simply worn out. 

The protocols for Series II (Dogs C and D), Series I (Dogs A and 
B — first experiments ), and Series III (Dogs E and F) are not given, 
since the same general characteristics are presented as in the preceding 
tabulations. 

THE CAUSE OF THE VARIATIONS IN THE GASTRIC HUNGER CONTRACTIONS 

WITH AGE 

The condition of the stomach's activity, if dependent alone upon the 
actual age of the gastric motor mechanism, ought to increase with starva- 
tion in old animals until it equalled that in the young animals, but since 
this is not the case, as is shown throughout the series of experiments, 
we must interpret the variations in the gastric hunger contractions as 
being produced not only through the factor of age but also through the 
rate of metabolism. This latter factor appears ‘to be of the greater im- 
portance in determining the activity of the gastric motor mechanism. 
Therefore, this retarded activity, as seen in the gastric hunger contrac- 
tions of old animals, must be due to a slower rate of metabolism brought 
about and controlled chiefly through the age factor. There was a slight 
increase in the amplitudes of the hunger contractions during the first 
few days of starvation followed by a gradual decline. This slight in- 
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crease occurred in all the dogs with but one exception, namely, in the 
old dog of Series I, the first experiments in which the hunger contractions 
were feeble. This particular animal was very old and the person from 
whom she was obtained claimed that she was over eleven years of age. 
This statement was probably authentic, since her general appearance and 
loss of teeth indicated it. The old dogs of the other two series were 
younger (probably not over se’ven or eight years of age), and the hunger 
contractions were vigorous and did not show this feeble type. 

The feeble contractions in this very old dog are probably identical with 
the contractions in those animals with which Boldyreff (17) worked, for 
like his, the hunger contractions were feeble during the first few days 
(first experiment. Series I — Dog A), then there was a slight increase in 
the amplitude followed by the usual and gradual decline. This increase 
in the strength of the hunger contractions after the first few days of 
starvation does not corroborate entirely the results of Boldyreff, since he 
states that after the first three or four days there is a copious and con- 
tinuous secretion of gastric juice, which, of course, will lead to the inhibi- 
tion of the hunger contractions if the normal percentage of HC1 is 
present (42, 4J). The small and feeble contractions during the first few 
da\ s may possibly be explained by supposing that there is a hypersecretion 
of the gastric juice sufficient to produce a partial inhibition of the hunger 
contractions, for there seems to be no question but that there is a secretion 
of gastric juice in this animal during the first few days at least, judging 
from the quantity of fluid that escaped through the fistula ; and besides, 
the animal appeared perfectly normal. Later there is the increase in the 
strength of the contractions, which may also be explained by assuming that 
the amount of ISTaCl in the blood, the principle source of the HOI of the 
gastric juice, is greatly diminished by the complete elimination of the 
animaPs food, the only source of NaCl left being the very small quantity 
found in the water to which the animals always had free access. Thus, 
if the percentage of HC1 is reduced in the gastric juice after the first few 
days, the partial inhibition produced by it is also practically removed and 
we would expect that the above increase in the strength of the hunger con- 
tractions, which is of only a brief duration, would then be followed by the 
characteristic and gradual decline. 

A comparative study was made of the amplitudes of the hunger contrac- 
tions in the old and young animals. In both the old and young dogs there 
appears to be an increase in the amplitudes of the hunger contractions 
during the first few days of starvation, followed by a gradual decline 
which continues to the death of the animal with the exception of a por- 
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tion of the prolonged Type III contractions which appear only in the 
extreme stages of starvation. At no time do the amplitudes of the hunger 
contractions for the old dogs equal those of the younger ones, except in 
one case (Series III — Dogs E and F), where both the old and younger 
dogs were continued througli a period of prolonged starvation until one 
of the animals died. Here, on the ninth day of starvation, the amplitudes 
of the old dog’s contractions surpassed those of the pup, thus showing 
only the greater endurance of the older animal. In Series III — Dog E, 
on the third day of starvation there was a decided fall in the amplitude of 
the old dog’s contractions, but this was probably the result of some dis- 
turbing influence, or perhaps to a slight depression in the animal, since 
it rose on the fourth and was continued on the fifth day to a degree which 



Fig. 74. — Tracing showing the hunger contractions o£ old Dog E (Series III) after 
144 hours (6 days) starvation with a marked increahe in the gastric tonus. Chloroform 
manometer. Black line below tracing = 0 mm. pressure. About two-fifths the natural 
size. 

corresponded well with the second daj^s record (Fig. 74). In Series I — 
control — Dog A, too much stress should not be laid on the old dog's con- 
tractions, since she became ill on the fifth day with nose and eye infections 
which developed into a general pulmonary infection. She died two days 
later. However, this did not seem to change materially the original re- 
sults, as shown by the first experiments on this animal, except that the 
amplitudes of the hunger contractions dropped more rapidly and some- 
what lower after the animal became ill. The tonus was also as markedly 
affected, as is shown by the protocols. This is an excellent example of the 
inhibition of the hunger contractions through depression. 

The protocols show that there is a marked increase in the gastric tonus 
during starvation up to within a few hours of the death of the animal and 
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this increase in the gastric tonus appears to be directly proportional to the 
decrease in the amplitudes of the hunger contractions (Fig. 75). It 
appears also that some dogs may exhibit a strong stomach tonus at the 
beginning as in Series III — Dog E, 'while others may show relatively low 
tonus as in Series I — Dog B ; and these are subject to only slight varia- 
tions as shown by the controls, but in all cases, the tendency is a gradual 



Fig. 75. — Diagrammatic representation of the lowered amplitude of contraction on the 
base of the rising tonus as constructed from the daily tracings of young Dog B (Series 
I — control). Each of the above squares represent one sq. cm. The erect pyramids 
indicate the amplitudes of the hunger contractions in centimeters arranged on the ris- 
ing tonus as a base line. Spaces left to right indicate number of days of starvation; 
spaces bottom to top daily Increase in the gastric tonus in centimeters. Ileavy line at 
bottom of chart = 0 mm. pressure of chloroform manometer. A to B = constant pres- 
sure of 3 cm. used throughout the experimentation. Note the rapid increase In gastric 
tonus and decline in amplitude of contractions on the tifteenth day as produced by the 
prolonged Type III hunger contractions. 


increase in the gastric tonus irrespective as to whether the animal starts 
off on a high or low gastric tonus. As has been stated before, the different 
types of hunger contractions are dependent upon a particular degree of 
stomach tonus, and this increase in the tonus during starvation is accom- 
panied by a progressiveness in the type of hunger contractions; that is, by 
an advance from the lower to the higher types, respectively. To illustrate : 
If an animal's stomach starts off with Type II hunger contractions, the 
tendency is a progression first to Tj^pe III contractions and then to 
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prolonged Type III contractions. If it starts off with. Type I contractions 
the progression is through the different types of hunger contractions from 
I to III inclusive. However, some dogs (Series III — Dog F) may show 
during the first few days of starvation an alternation between the Type I 
and II contractions, but the final result is always the same, namely, a 
progression from the lower to the higher types of hunger contractions. 
Therefore, the increase in the gastric tonus appears also to be directly 
proportional to the advance from the lower to the higher types of hunger 
contractions. 

Prolonged starvation leads to increased activity of the gastric motor 
mechanism as indicated by the rise in tonus, at least, until that point is 
reached where the stomach becomes involved in the general debility and 
cachexia. Since the animals were allowed only water the energy neces- 
sary for their continued existence must have been met by the destruction 
of such stored up materials present in their own bodies as circulating and 
tissue protein, fat and glycogen. The last substance is quickly used up 
since it is present only in comparatively small quantities, and so the ani- 
mal becomes emaciated since it lives upon its own body protein and fat. 
We know that the stored up body fats, by a reversible lipolytic reaction, 
may be converted over into soluble fats and oxidized by the cells to give 
heat and energy to the body. There is also evidence of "circulating 
protein” in starvation as food for the tissues. Thus, Miescher (lift) 
showed that the salmon virtually starves, after entering the Rhine from 
the sea, whereas the genital organs of both the male and female greatly 
develop. This he claims is at the expense of the muscle tissue which, 
to use the author’s exact figures, may lose as much as 54.74 per cent, of 
their weight. Yoit, in his work on starving animals, also believes in a 
"circulating protein,” and that the "organized protein” of the tissues 
themselves is gradually changed over in some way to the "circulating 
protein” and transported by the blood to the tissues needing nourish- 
ment. Luckhardt and Carlson (12b) have reported on the possibility 
of a hunger hormone” which gradually accumulates from the body tis- 
sues — in general, probably before the tissues actually demand additional 
fuel (food) — which is transported by the blood to the gastric motor mech- 
anism and there stimulates that organ to activity, hunger contrac- 
tions. A gastric tonus rhythm is also evident which seems to be present 
in nearly the whole series of experiments (Fig. 76). This tonus rhythm 
is probably produced by a reflex excitation through the motor nerve fibers 
which play upon the oxidative processes in the tissues, thus augmenting 
at one time and inhibiting at another the physiological oxidations. 
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LOSS OF HUNGER SENSATION WITH PERSISTENCE OF HUNGER CONTRACTIONS 

Many cases of prolonged starvation in men and women have been cited 
by Carrington ( 56 ) , where the hunger sensation subsided or disappeared 
after the third day. Viterbi, who voluntarily starved himself to death, 
noted complete absence of hunger after the fifth day ( 122 ), and the de- 
pression of this hunger sensation seems to be confirmed by the work of 
Carlson (4 6 ) on men and dogs. In dogs under observation it was noted 
that after the first four or five days of starvation there was a depression of 
the hunger sensation, although the gastric hunger contractions persisted. 
This is explained by supposing that the neurones in the central nervous 
system, which have to do with the sensation of hunger, become fatigued 
after the first few days, thus eliminating entirely the hunger sensation, 
although the gastric hunger contractions are evident. In addition to 
this loss of the hunger sensation, the return of the strong hunger contrac- 



Fio. 76. — Tracing showing the hunger contractions of old Dog A (Series I) after 
121 hours (3 days) starvation with a marked gastric tonus rhythm. Chloroform 
manometer. Black line below tracing = 0 mm. pressure. About two-fifths the natural size. 


tions as the prolonged Type III contractions must be considered, and 
the following considerations might be offered not only as a possible but 
also as a probable explanation. These characteristic hunger contractions 
which appear only in the extreme stages of starvation after the gastric 
motor mechanism has become hypersensitive from the long continued 
starvation must be due, either to a heat C0 2 stimulation from the protein 
of the circulation, or to an anemic stimulation of the stomach owing to 
the moribund state of the circulation, since the gastro-neuro-muscular 
apparatus has become entirely independent of the central nervous system. 
A typical tracing showing this supposed stimulating action of asphyxia 
or anemia on the hunger mechanism is reproduced in figure 73. Eogers 
( 200 ), in his work on rabbits, has spoken of prolonged contractions or 
periods of tetany lasting from two to three minutes in the last stages of 
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starvation. These are probably identical with the prolonged Type III 
hunger contractions in dogs. 

The \ariations in the gastric hunger contractions are dependent upon 
two factors, namely: the actual age of the stomach tissue itself and the 
dim inished rate of metabolism in the animal^ entire body, which may 
imply a smaller quantity of chemical stimuli to the gastric hunger mech- 
anism in the circulation. The latter seems to be of the greater importance 
in determining the activity of the gastric motor mechanism. Although 
starvation causes some increase in the vigor of the stomach tonus and 
contractions in the old dogs, it is not, however, the prime factor. Since 
the actual age of the gastric tissues is the most important element, we 
cannot offer further explanation until we know what constitutes the 
physiological aging of the tissues. 

The increase in gastric tonus during prolonged starvation is directly 
proportional to the advance from Type I to Type III hunger contractions, 
and inversely proportional to the decrease in the amplitudes of the hunger 
contractions. 

Other important gastric references on the dog concerned with this in- 
vestigation have been made elsewhere in this paper. 

Monkey {Macacus irus , Macacus rhesus and Cynocephalus anubis) 

Since the celebrated experiments of Beaumont (12) on the stomach of 
Alexis St. Martin, nearly a century of experimentation in gastric physiol- 
ogy has not solved completely the problem of the inner controlling factors 
concerned with the movements and tonus of this organ. Many factors 
which might influence the process, as nervous, chemical or “hormone,” 
pressure and temperature, have been investigated, but it has always been 
a question how nearly the conditions approach those of normal activity. 
In higher animals the movements of the empty stomach (hunger peris- 
talsis) are periodic in character and more vigorous than the peristaltic 
movements of digestion which normally commence a few minutes after 
the entrance of food into the stomach and continue until all the nutrient 
material in the form of chyme has been passed on into the small intestine. 

The character of the periodic and motor activity of the empty stom- 
ach in man has been reported ( 1/0 ). Since the motor activity in the 
stomach of the dog (1/4, 166, 167) exhibits certain variations from that 
of the human, the monkey was selected for this experimental investigation 
because of the ancestral relationship which it is assumed to bear to man 
in the evolutionary process of animal development. This so-called rela- 
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tionship would be suggestive of the closest parallelism existing between 
the gastric activities of these two Primates. Furthermore, Carlson has 
shown that in the dog (4-4) and in man (42) the movements of the empty 
stomach may be modified by psychic stimuli, though only in the direction 
of inhibition, and that in the dog they continue even when the stomach has 
been isolated from the central nervous system by section of the vagi and 
splanchnic nerves. After such section, inhibition of tonus and contrac- 
tions may still be obtained by stimulation of the gastric mucosa through 
local automatism or reflex action, but it is diminished both in intensity and 
duration. Cutting the vagi leaves the stomach in a permanently hypo- 
tonic condition (44) • It is evident that the central nervous system acts 
merely as one of the regulators of this reflex mechanism but for how much 
of the regulation the cerebrum is responsible and what part is played by the 
mid-brain and medulla is still open for furthen investigation. On the other 
hand, Alvarez (4) has attempted to explain most, if not all, the motor phe- 
nomena of the gastro-intestinal tract on the basis of a purely muscular 
gradient of rhythmicity, denying local reflexes in the intestine itself, and 
minimizing the importance of the extrinsic nerves in the control of the 
gastro-intestinal tract. Therefore, it is the purpose of this communication 
to present in some detail data which confirm and extend the findings on 
gastric behavior in man. 

In view of the fact that the literature on the nature of the sensation of 
hunger is exhaustively reviewed in Carlson’s book (47), the reader is 
referred to that source for a further general consideration of the problem. 

Ay IMA L MATERIAL 

The experiments forming the basis of this report were made by Patter- 
son, Illenden, Bubright and Scott (182) on Javanese and Bingtail mon- 
keys (ifacacus irus* and Macacus rhesus) and one baboon (Cynocephalus 
anubis). Forty-nine healthy young animals were used. The Javanese 
monkeys were obtained from an animal importer at San Francisco and 
the others from importers in Yew York. 

* A communication from Tracy I. Storer, Inspector of Foreign Birds and Mammals, 
Port of San Francisco, t T . S. Department of Agriculture, Bureau of Biological Survey, 
reads as foUows. — “Tour request for information on the Javanese Monkey is not an easy 
one to answer. There is a great deal of doubt In the minds of people who have worked 
on the monkeys of that group as to just what name should be applied. I think that the 
name Macacus irus or Pith ecu 8 irus Is the one commonly applied to this form. In any 
event, the use of this name ■will be as nearly correct as any which you can use." 
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Fig 78 — Monkey III Susie Riding on the shoulder of an assistant Note the 
friendliness and contentment 


The Ja\anese monkeys were employed chiefly in the eailier experiments 
in a study of the mo\ ements of the empty stomach Although so-called 
tamed monkeys were purchased, none was sufficiently trained for the 
particular type of experimentation m question In fact, unlimited 
patience was required during the manj weeks of preliminary training and 
even then it was found impossible to tame some of the animals, after 
employing e\er\ conceit able means. 
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The animals trained to permit handling were operated on and provided 
with gastric fistula in the fundus of the stomach, after the method of 
Carlson ( 44 ) on dogs In from five to seven dajs the wound was suffi- 
ciently healed to permit the recording of the gastric hunger contractions 
by the balloon method with the animal lying quietly m the lap of an 
attendant (Fig 97). 



Piq 70 — Monkej III Susie Asleep in the aim ot an assistant Note the complete 
relaxation 
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Since monkeys are so deeply concerned in what goes on aronnd 
them, it was necessary either to partition off a corner of the laboratory for 
the animal and the attendant or place them in an adjoining room with 
the rubber tubes and electric signaling wires passing through the wall. 
The activities of the kymograph operator occupy the attention of the 
anim al to such an extent as to interfere with the normal gastric activity. 
So observant are the animals that even the crawling of a fly on the wall 
or ceiling will attract sufficient attention to lead to restlessness and inter- 
ference of the normal movements of the stomach. A darkened room is 
preferable and, when an attendant knows how to handle a trained monkey, 
even a hungry one will lie quietly for three or four hours and will usuall) 
cuddle up and sleep for a considerable portion of the period. 

Eight animals were used in this study of the normal movements of the 
empty stomach, three of them trained to a point of proficiency, thus per- 
mitting the recording of the normal gastric activity. One of them, 
"Susie,” became a real pet and was given the freedom of the laboratory. 
There was nothing she enjoyed more than to ride on our shoulders, 
(T. L. P. and J. I.), even clinging to maintain her balance while we were 
busily engaged in other duties. In the quietness of the laboratory she 
was perfectly at ease and apparently happy (Figs. 78, 79 and 80). 

Studies were made on the movements of the empty stomach 18 to 24 
hours after feeding, and graphically recorded on a sixty minute drum. 
A water manometer was used, with a pressure of from three to six centi- 
meters, and the animals were given a rest period of at least twenty-four 
hours following each experimental observation, in order to keep them in 
normal physiological condition. 

ACUTE EXPERIMENTS 

In the earlier phases of this work considerable 'fluctuations in gastric 
tone and reflex inhibition were observed. As a result, a series of acute 
experiments were inaugurated in an attempt to determine the effects of 
nerve influence on the tonus and motor activity of the gastric mechanism. 
All these later experiments were performed under light ether anesthesia 
in order to preserve the reflexes. The esophagus, vagi and carotids were ex- 
posed in the neck. A lateral incision through the wall of the esophagus 
admitted the stomach balloon for the recording of the gastric movements. 
The blood pressure was recorded simultaneously from the carotid or 
femoral artery and the splanchnic nerves were isolated laterally at the 
edge of the deep muscles of the back, for stimulation. In these acute 
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experiments a fast of from forty to forty-eight hours was found to be 
more satisfactory. 

THE CHAEACTEE OP THE MOVEMENTS OF THE EMPTY STOMACH OF THE 

MONKEY 

The movements of the empty stomach in mammals were first studied by 
Boldyreff (17, 18) in dogs by means of the gastric fistula. Rubber bal- 
loons were introduced into the stomach and connected by air or water 
transmission to the recording manometer for graphic registration. Ac- 



Fig. 80. — Monkey III, “Susie.” Showing characteristic position taken by animal 
during graphic registration of the movements of the empty stomach. Gastric fistula not 
shown in picture. 
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cording to this investigator the empty stomach of the dog exhibits alternat- 
ing periods of rhythmical contractions and periods of complete quiescence 
during the first three or four days of fasting. The periods of activity 
\ary in length from twenty to thirty minutes and the intervening periods 
of rest last from one and one-half to two and one-half hours. The period 
of activity begins with weak contractions and these increase gradually 
in strength until the period ends abruptly with the strongest contractions. 

Cannon and Washburn (39) have reported similar results from the 
empty stomach of man by introducing a balloon through the esophagus 
into the stomach. The observations were made six to twenty hours after 
meals and were directed towards establishing the relation between the 
contraction periods of the stomach and the sensation of hunger. They 
seem to agree with the previous investigator in the absolute quiescence 
of the stomach between the periods of the strong rhythmical contractions. 

Our knowledge of gastric physiology has also been greatly advanced 
by the work of Carlson (40, 41, 48, 43, 44, 4 *, 46, 4? ) in an extensive 
series of studies carried out, not only on animals, but on a young man 
in normal health with a permanent gastric fistula — Fred Ylcek, the so- 
called second Alexis St. Martin. By the use of more delicate methods, 
Carlson (4 G) has analyzed the various types of motor activities of the 
empty stomach during prolonged fasting, in which he has described three 
types. 

TYPES OF HUNGER CONTRACTIONS 

1. Bhythmical contractions of about twenty-seconds duration and desig- 
nated the “twenty-seconds rhythm.” 

2. Very vigorous contractions occurring periodically, of about thirty- 
seconds duration and designated the “thirty-seconds rhythm.” 

3. Tonus changes of the stomach musculature. 

While there is some indication of a feeble tonal rhy thm during the rest 
period in one of the published tracings (Fig. 2) of Cannon and Wash- 
bum, the methods used by these investigators and more particularly 
by Boldvreff (17, 18) were not delicate enough to record the weaker con- 
tractions and the variations in tonus. 

In dogs the movements of the empty stomach, as registered by means 
of a delicate balloon in the fundus, have been classified by Carlson (44) 
into three distinct types, namely. Types I, II and III, each of which is 
thought to be dependent upon a particular degree of stomach tonus 
(Figs. 70, 71 and 72). Type I is exhibited when the stomach shows 
feeble tonus and the contractions have an average duration of about thirty 
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seconds with the intervals between the contractions varying from half a 
minute to three or four minutes. Type II is exhibited when the stomach 
is in relatively strong tonus, the contractions following one another in 
rapid succession; that is, without any intervening pause. The duration 
of the contractions varies between twenty and thirty seconds. These 
contractions usually occur only in young and vigorous individuals in ex- 
cellent physical condition. Type III is exhibited when the stomach con- 
stitutes virtually an incomplete tetanus characterized by periods of strong 
and relatively persistent tonus on which are superimposed a series of 
rapid contractions. The duration of these rapid contractions averages 
from twelve to fifteen seconds and they are thought to be analogous to 
the twenty-seconds rhythm in man. 

The three types of contractions may be observed in the same dog on 
different days, or Type I may be exhibited for a few days and then be 
superseded by Type II, etc. In general, Type I predominates in some 
dogs and Types II and III in others, while some of the tracings exhibit 
transition stages. This is to be expected, since the types of hunger con- 
tractions seem to vary with the degree of gastric tonus, and this tonus 
may vary considerably during a single observation period. In man, how- 
ever, the movements of the empty stomach are confined more especially 
to the twenty and thirty-seconds rhythms and, although similar in char- 
acter, they do not correspond in every detail to the three types of gastric 
hunger contractions exhibited in the dog’s stomach. 

The contractions of the empty stomach of the monkey, as registered 
by means of a delicate rubber balloon in the fundus, are practically iden- 
tical with those of man. The stomach of this animal exhibits a definite 
periodicity, characteristic of the gastric hunger activity of higher ani- 
mals, the contractions falling into groups, separated by intervals of rela- 
tive quiescence. The duration of the groups or periods of hunger ac- 
tivity vary from one hour and forty minutes to two hours ; the quiescent 
or rest periods, from ten to twenty minutes, thus making the monkey 
occupy a somewhat intermediate position between the five to six months’ 
old pup and the young adult dog. The rest periods appear to be short 
but, as previously stated, only young, vigorous animals were employed in 
these experiments in which the gastric activity is thought to be dependent 
upon the factor of age. This is to be expected, since the author ( 1 65 ) 
showed conclusively in the case of dogs of different ages that the periods 
of quiescence are the longest in old dogs. These periods range from one 
and one-sixth to four and one-sixth hours, and rapidly decrease in length 
proportionately to age, being from three and four-tenths to two and one- 
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half minutes in the baby pup of five or six weeks. Conversely, the pe- 
riods of contraction are the longest in the baby pup. These periods 
range from four and one-half to five and two-thirds hours and then 
rapidly decrease in length proportionately to age in the old dogs from 
two hours to thirty minutes, thus showing that the stomach’s activity is 
in direct proportion to the age of the animal. 

These results on the rhythmical contractions of the empty stomach in 
dogs are not in accord with those of Boldyreff ( 17 ), since his account of 
thifc rhythm is incomplete and partly misleading. The length of both 
the contraction and the quiescent periods as observed by Boldyreff seems, 
on the whole, to be considerably less than that shown in the author’s 
series of old dogs ( 165 ), and they are also practically identical with those 
reported by Carlson (44) on adult dogs. According to Boldyreff (17) the 
contractions always come in groups of from twenty to thirty minutes dura- 
tion, and during the one and one-half to two and one-half hours interval 
between these groups the stomach is completely quiescent. The contrac- 
tions observed were probably those of a feeble Type I group, but it is evi- 
dent this investigator never obtained the Types II and III rhythm in his 
animals. 

The difference in the results of Boldyreff ( 17 ) and those of Carlson 
(44) and the author ( 165 ) is probably due to the condition of the ani- 
mals, the method of handling, and the method of registering the stomach 
contractions, for Boldyreff’s dogs were forced by mechanical means to 
lie or stand in one position for six to twelve hours at a time. This forced 
position, as well as the classical silver cannula used in the gastric fistula, 
probably in part produced the brevity of the contraction periods, for all 
such influences tend to depress the gastric activity. Furthermore, all 
of these dogs, in addition to the gastric fistula in the fundus of the stom- 
ach, also possessed duodenal, pyloric, pancreatic or hepatic fistute. The 
animals, therefore, were subjected to much greater disturbances of diges- 
tion and metabolism than the animals under discussion in this paper, 
which were permitted to lie comfortably in the lap of an attendant and 
usually without restraint, a condition which is certainly more nearly nor- 
mal. In addition, BoldyrefFs published tracings do not show the respir- 
atory intragastric pressures, nor do they indicate the slightest variations 
of the gastric tonus during the observation periods. It is, therefore, evi- 
dent that his recording apparatus was not delicate enough to detect small 
variations in the intragastric pressure. 

In man and dog the fundic end of the stomach, during normal diges- 
tion, exhibits a slow tonus rhythm which, during the emptying of the 
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stomach and the onset of the hunger period, becomes more vigorous (20b) • 
Upon this slow rising tonus rhythm the peristaltic waves arise from points 
higher and higher toward the cardiac end of the stomach and sweep down- 
ward over the organ. In all observations on the monkey the empty stom- 
ach exhibits, on the whole, greater tonus and motor activity than the filled 


A 




Fig. 81 — Monkey III, “Susie.” Records of the contractions of the empty 
stomach of the normal young adult. A, final twenty minutes of a typical 
period of hunger contractions twenty-two hours after eating. B, final twenty 
minutes of a typical hunger period after a fast of twenty-seven and one-half 
hours. Note in tracing B the prolonged period of incomplete tetanus at the 
culmination of the hunger period, and the reappearance of a feeble 20-second 
rhythm immediately following the cessation of the period of strong hunger 
contractions. Note also the increase in the tonus and the hunger contractions 
of the empty stomach during prolonged fasting. Water manometer. St, 
Stomach contractions. About one-half the original size. 

stomach. In this animal two types of rhythmical contractions have been 
observed, which alternate with periods of relative quiescence. The in- 
dividual contractions of the more powerful type have a duration of about 
thirty seconds and are comparable to the “thirty-seconds rhythm” in 
man. The other pressure rhythm, thought to be due to a tonus contrac- 
tion of the fundus or peristalsis of the antrum, has an individual dura- 
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tion of approximately twenty seconds and is likewise comparable to the 
“twenty-seconds rhythm” in man. 

No feeble contraction periods have been observed in any of the monkeys 
studied, due, evidently, to the fact that all the animals were young and 
vigorous. Such contractions would more likely occur in old animals or 
those in a state of depression from illness or other disturbing factors. 
The contractions forming the periods of strong hunger activity usually 
begin as feeble tonus rhythms, which gradually increase in amplitude with 
a simultaneous shortening of the intervening intervals of rest, and 
may or may not end in tetanus or prolonged tonus contractions, followed 
by a relatively abrupt relaxation and quiescence in which only a respiratory 
pressure rhythm is present (Fig. 81 A). The periods of more powerful 
contractions are also initiated by weak contractions with rather long 
intervening pauses, which gradually become shorter as the amplitude of 
the individual contractions increase, until the climax is reached in a 
number of very powerful and rapid contractions of the order of incomplete 
tetanus. The tetanus usually lasts from two to five minutes and the 
cessation of these periods of hunger activity is always abrupt (Fig. 81 B). 
This prolonged period of incomplete tetanus at the culmination of the 
hunger period, with the reappearance of a feeble twenty-seconds rhythm 
immediately following the cessation of the period of strong hunger con- 
tractions, is frequently seen in the monkey's stomach and corresponds to 
that observed by Carlson ( 46 ) in man. It more often occurs in prolonged 
fasting or in cases where there is a considerable increase in tonus and the 
hunger contractions of the empty stomach. 

These results seem to challenge the correctness of the statements of 
Boldyreff (27) and of Cannon and Washburn ( 39 ) that the stomach is 
completely at rest between the periods of the thirty-seconds rhythm. 
Mangold ( 130 ) also claims that the completely empty muscular stomach 
of the buzzard is quiescent, but Rossi ( 205 ) maintains that the activity 
of the stomach of chickens is more vigorous when empty than during 
digestion. In the monkey there is an increase in the gastric tonus and the 
hunger contractions and the intensity of this activity is also evidenced in 
the appearance of the incomplete hunger tetanus. The gastric hunger 
contractions in monkeys also go on in sleep with the same frequency and 
intensity as during the waking state, as has been determined by continuous 
gastric registration covering periods of from four to six hours in which 
the animals have slept during portions of these periods. 

During the quiescent periods of the stomach the animals are more at 
ease and more likely to drop off to sleep than is the case^ during the strong 
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periods of hunger activity. The strong contractions arouse and may even 
awaken the animals from sleep and they sometimes moan. As a result, 
they become restless, because of the discomfort of the hunger pangs, 
which are primarily produced by the contractions of the wall of the 
stomach. 

THE INHIBITION OF THE MOVEMENTS OF THE EMPTY STOMACH OF THE 

MONKEY 

Inhibition by Acid and Alkali 

The tonus and hunger contractions of the empty stomach in man and 
dog are temporarily inhibited by mechanical and chemical stimulation of 
the nerve endings in the mucous membrance of the mouth, the esophagus, 
and the gastric mucosa (. 1 / 3 , 4J). Brunemeier and Carlson ( 26 ) have, 
however, produced similar inhibitory action on the dog*s stomach from 
stimulation of the intestinal mucosa. The stomachs of many other ani- 
mals also respond in an inhibitory manner, as is shown in rabbits, pigeons, 
frogs and molluscs ( 200 , 201 , 177 , 168 , 176 ). Gastric inhibition in the 
monkey is practically identical with that in man and the higher animals. 

When water, 1 per cent, sodium carbonate, or 0.5 per cent, hydro- 
chloric acid, are introduced slowly and directly into the stomach through 
a pipette and small rubber tube passing through the gastrostomy opening, 
they invariably produce inhibition, the degree of intensity of the inhibi- 
tion being increased by the substances as listed in the order of their potency 
(Fig. 77). The duration of the inhibition depends upon the quantity and 
nature of the material introduced and varies in its degree with the stiiiln- 
lating power of the substance employed. Water, although the least effec- 
tive of the three substances used, produces a marked fall in gastric tonus 
with a temporary inhibition of the hunger contractions of from two to 
three minutes duration (Fig. 82 A). The water introduced into the 
stomach was at room temperature and apparently produced the inhibition 
through a stimulation of the nene endings in the gastric mucosa, either 
by mechanical pressure or by osmosis. According to this view, tlic pas- 
sage of the water out of the stomach into the intestine, or the addition of 
sufficient salts to prevent stimulation by liypotonieity, would mark the 
cessation of the inhibition. The water (10 cubic centimeters) was prob- 
ably not cold enough or in sufficient quantity to stimulate the protopathic 
temperature nerve endings in addition to those acted upon by pressure 
and osmosis, so that the results overbalance any error that might be ac- 
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counted for by the cold water cooling the air in the balloon and thereby 
temporarily lowering the tension to an appreciable degree. 

The introduction of 10 cubic centimeters of sodium carbonate, 1 per 
cent, solution, directly into the monkey’s stomach, produces a more pro- 
nounced inhibitory effect than water. This inhibition is probably the 
result of the alkalinity’ rather than of the bulk of the solution, since 
Carlson (43) has shown that in the stomach of man sodium carbonate 
in concentrations of 0.2 per cent, or less appears to have the same influence 
on the hunger contractions as equal quantities of water. In greater con- 
centration (0.2 to 1.0 per cent.) the degree of inhibition produced is on 
the whole directly proportional to the concentration and the quantity of 


A 

B 

« 



Fig. 82. — Monkey III, “Susie.” Records 
from the empty stomach of the young adult. 

A, part of a period of strong hunger con- 
tractions twenty-two hours after eating. At 
x, 10 cc. of water introduced directly into 
the stomach, producing a temporary inhibi- 
tion with a lowering of the gastric tonus. 

B, hunger contractions after a fast of 
twenty-five hours. At x, the pad of the hind 
foot was tickled while the animal was asleep. 
Note diminution in ampUtude of contrac- 
tions. Water manometer. St, stomach con- 
tractions. S, signal. About one-half the 
original size. 


the solution introduced into the stomach. For example, an introduction 
of 5 cc. of sodium carbonate into the monkey’s stomach may or may 
not produce the temporary inhibition. Alkalinity produces the same 
effect on the stomach as acidity, only to a lesser degree, both acids arid 
alkalies causing inhibition without any after effect’ of the nature of 
augmentation. Since sodium carbonate in a 0.2 per cent, solution or les* 
has no more effect on the hunger motility than equal quantities of water, 
it would seem to indicate that a slight alkalinity of the gastric mucosa 
was compatible with the hunger contractions of the empty stomach. This 
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may explain why entrance of bile or intestinal juice into the stomach 
produces little or no effect on the hunger activity unless the concentration 
becomes sufficiently high to effect the usual inhibition. 

All acids, or liquids containing acids, including normal gastric juice, 
cause inhibition of the movements and the tonus of the empty stomach 
when introduced directly into the stomach cavity. In the* monkey, the 
introduction of 5 to 10 ce. of 0.5 per cent, hydrochloric acid directly 
into the stomach is more effective than the alkali, producing complete 
inhibition of the movements of the empty stomach. The duration of 
this period of acid inhibition varies from twenty to forty-five minutes 
or more and is probably determined by three factors, namely, (1) pass- 
ing of the acid into the duodenum, (2) fixation and neutralization of 
the acid by the mucous gastric secretion, (3) neutralization by bile and 
intestinal juice, which at times pass into the stomach through the dilated 
pylorus. Normal gastric juice of full normal acidity (0.48 to 0.53 per 
cent.) and other acid solutions inhibit the hunger contractions, but it does 
not follow that a neutral or alkaline reaction in the stomach cavity is a 
prerequisite for these contractions, because, as pointed out by Carlson* 
(45), the contractions reappear again befpre all the acid has passed out of 
the stomach or has been completely neutralized. In other words, the 
hunger contractions are not inhibited by weak concentrations of acids in 
the stomach, nor is it necessary for the gastric mucosa to show a neutral 
or alkaline reaction. In fact, it is now believed that the hydrochloric acid 
of the gastric juice constitutes the stimulus that leads to the inhibition 
when the concentration of the acid rises to too high a level of concentra- 
tion. None of these substances has been introduced into the mouth or 
the intestine to determine their influence on the motor activity of the 
empty stomach of the monkey. 

Mechanical stimulation (tickling) of the pads of the feet, posterior 
limbs, when the animal is asleep, causes a slight fall in the amplitude or 
strength of the hunger contractions (Fig. 82 B). This result, however, 
establishes the possibility of a reflex action over the afferent fibers of the 
sciatic nerve, which is capable of influencing the gastric activity. 

Reflex Inhibition by Mechanical Stimuli 

Reflex or psychic inhibition of the hunger contractions appears when- 
ever an animal is annoyed, angered or frightened, or whenever cerebral 
processes of strong emotions or pleasure are involved, such as the entrance 
of a friend (animal keeper) into the room. In this connection the influ- 



236 


ANNALS NEW YORK ACADEMY OF SCIENCES 


enee on the hunger contractions of the sight and smell of palatable foods 
was investigated. In Vleek, when hungry, such psychic stimuli did not 
seem to affect his gastric hunger contractions, but in certain other human 
individuals positive reactions have been obtained. In dogs the sight 
and smell of food lead to temporary inhibition of the hunger contrac- 



Fig 80. — Monkey III, 
“Susie/' Records from tile 
empty stomach of the young 
adult after a fast of twenty - 
five hours, showing the ef- 
fect of feeding small quanti- 
ties of food. A. feeding. At 
a , one sunflower seed ; at It, 
two seeds. Note the total 
absence of inhibition. B, 
feeding. At b, slice of 
bmana. b to b'. animal 
chewing. Note the slight 
inhibition. C, effect of sight 
of food on hunger contrac- 
tions. At d, animal was 
shown a banana. Note the 
slight inhibition in the am- 
plitude of contractions. 
Water manometer. St, 
stomach contractions. S, 
signal. About one-half the 
original size. 


tions, and the inhibition is directly proportional to the degree of in- 
terest taken in the food. This is a true reflex or psychic inhibition, 
since it appears too quickly and is too temporary to be caused by a 
psychical secretion of gastric juice from the stomach mucosa (acid inhibi- 
tion) . Dogs usually react well to the sight and smell of food during the 
first few tests, but later, when they learn that they are not to be given the 
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food, they lose interest and pay little attention to the food shown them, 
with the result that the hunger contractions are no longer affected by such 
psychic stimuli. The particular inhibition here illustrated is of the order 
of ‘‘conditioned” reflexes and is similar to Pavlov’s ( 185 ) “psychic” secre- 
tion of gastric juice, resulting from the seeing and smelling of palatable 
food. These reflexfes require the presence of hunger and appetite as well 
as a certain fixation of the attention on the food. 

Effect of Eeeding Small Quantities of Food 

The reaction of the monkey to the sight and smell of palatable food is 
in confirmation of the statements above, and, on the whole, appears to be 
more closely related to that of the stomach of man than to that of the 
dog (Fig. 83 C). The effect of feeding very small quantities of food, 
such as one, two or three sunflower seeds at a time, does not produce an 
inhibition of the gastric tonus or hunger contractions (Fig 83 A) but, 
when larger portions are fed — as, for example, a slice of banana — a defi- 
nite fall in the gastric tonus and a diminution in the amplitude of the 
hunger contractions follow, along with the swallowing of saliva (Fig. 
83 B). These results on the monkey are in accord with those of Ivy and 
Yloedman ( 98 ), who found that in young dogs fasted forty-eight hours, 
ten to twenty grams of ground, lean sausage caused only a temporary in- 
hibition, corresponding in time and duration to the receptive relaxation of 
the stomach secondary to deglutition, the hunger period going on to 
completion in from ten to fifteen minutes. As much as from seventy- 
five to one hundred grams of the lean sausage were required to cause com- 
plete inhibition. 

THE GASTRO-XEUKO-MUSCULAR MECHANISM 
The Nature of the Gastric Response 

Granted that there is a gastro-tonic mechanism, the question logically 
arises, what controls the production of this tonus, which during life 
undergoes marked oscillations under various conditions. It is usually 
considered that an organ becomes atonic after the severance of its extrinsic 
nerves, but according to Chang (57) we cannot regard either the Heid- 
enhain-pouch or the vivi-perfused stomach as being invariably lacking in 
tone. Although the latter may be expected to possess very little tone fol- 
lowing the method of its preparation, this is only temporary, for as soon as 
the circulation is re-established there is a recovery of tone and the con- 



238 


AXXALiS XEW YORK ACADEMY OF SCIEXCES 


tractions reappear. Chang (57) and Robins and Boyd (197) have also 
obsened a similar type of periodic contractions in the Heidenhain-pouch. 

Carlson (If 4) has shown that complete isolation of the dog’s stomach 
from the central nenous system produces practically a permanent hy- 
potonus of the stomach except under conditions of prolonged fasting, and 
the author (171 ) has made similar observations on the bullfrog. In dogs, 
section of the vagi alone leaves the empty stomach on the whole in a 
permanent hypotonic condition, at least for a period up to three months 
after the operation, while section of the splanchnic nerves alone increases 
the gastric tonus and augments the gastric hunger contractions. In bull- 
frogs, somewhat similar results have been obtained from partial isola- 
tion of the stomach from the central nervous system. In each case, how- 
ever, there was a complete recovery to normal, following a temporary 
period of either an increased or decreased tonal activity, depending on 
the nerves sectioned, whereas after complete section of all extrinsic 
nerves (vagi and splanchnics), there was only a partial recovery (171). 
This would indicate in the bullfrog that both the intrinsic and extrinsic 
nervous mechanisms play an important role in the maintenance of gastric 
tonus upon which the gastric contractions are dependent (204) • 

Ri (195), working on the innervation of the ileo-csecal sphincter in 
rats, has reported that the splanchnic nerve is motor and the vagus is 
inhibitory in their action on this portion of the alimentary tube. This 
investigator believes that the Auerbach-Meissner plexus is the functional 
nervous system which originates the periodic activity of the sphincter, 
and indicates that the factor of tonus exerts, under certain conditions, 
a governing influence on its muscular response. 

Tonus changes are more marked and occur more frequently during 
hunger than during normal digestive peristalsis. In most healthy ani- 
mals in a fasting condition, there is a state of increased tonus in the 
stomach musculature. Sudden and marked fluctuations in the gastric 
tonus and less frequently augmentations in the gastric motility have 
been reported by Carlson ( 42 , 44 ) in the dog and in man, and such re- 
actions have also been observed in the monkey’s stomach. Luckhardt 
(128) was able to show gastro-tonal changes in dogs during the dreaming 
state. The author (1 65, 166,167) found very marked and abrupt changes 
in gastric tonus as a result of prolonged fasting, in dogs of different ages, 
the variations being due to the actual age of the stomach and the correla- 
tion of the gastric hunger mechanism with the metabolic gradient or need 
of food. 



PATTERSON . GASTRIC HUNGER MECHANISM 


239 


Goltz (<5d) found that various types of stimulation, applied to different 
parts of the frog’s skin, led to an increased hypertonus and motility of the 
stomach. He did not, however, consider these effects as types of reflex ac- 
tivity but assumed that the intense stimuli employed more or less com- 
pletely paralyzed the medullary center from which, under normal con- 
ditions, the tonic inhibitory impulses for the esophagus and stomach 
arose. These observations were confirmed by Contejean ( 58 ) and Steinach 
(j 215 ). Eogers and Bercovitz ( 203 ) have stated that in the turtle no 
method of increasing gastric tonus is available by stimulation of the vagus, 
their results being either negative or in the direction of a slight inhibi- 
tion. Yon Openchowski ( 281 +, 235 ) on stimulation of the kidney, uterus, 
urinary bladder and sciatic nerve in the rabbit, has reported a reflex di- 
latation of the cardia. 

The Influence of Stimulation of the Sciatic on the Tonus and 
Motility of the Gastric Mechanism 

When both vagi and the sphlanchnic nerves are intact, stimulation of 
the central end of the sciatic nerve with a weak tetanizing current results 
in either an augmentation or an inhibition of the stomach, with the char- 
acteristic rise in blood pressure. The response appears to be primarily 
dependent upon the pre-existing state of tonus of the gastric mechanism 
itself, and may involve both tonus and movement, these varying quite 
independently of each other. If the stomach is hypertonic and exhibiting 
contractions, central stimulation of the above nerve will produce a tem- 
porary reflex inhibition of the gastric hunger contractions (Tig. 84 A). 
On the contrary, if the stomach is hypotonic and quiescent, with the ex- 
ception of the respiratory intragastric pressures, then such stimulation 
will lead to a decided increase in the gastric tonus (Pig. 84 B). 

All of these results are usually not obtained from the same animal, 
for the state of tonus of the organ may remain more or less constant 
throughout the course of an entire experiment covering four to six 
hours; but once in a while an animal will actually show, during the 
course of an experiment, a distinct fluctuation in gastric tonus. Figure 
85 A, B, C and D, shows an animal in which such a change in gastric tonus 
occurred and the actual time covered was about thirty-five minutes in 
the four tracings. In this experiment, moderate traction was used on the 
central end of the sciatic. In figure 85 A the stomach is quiescent and 
hypotonic. Stimulation by traction results in an increase in the gastric 
tonus, along with the typical rise in blood pressure. This effect was 
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obtained several times by such stimulation, previous to this curve, and 
then without any warning or further stimulation the tonus of the stom- 
ach began to increase and, in order to prevent air from escaping through 
the manometer, it was necessary to open the clip on the instrument to 
reduce the air pressure in the stomach balloon. This is indicated by the 
vertical line marked d in figure 85 B. With the establishment of a new 


Fig. 84. — Monkey XII. Light 
ether anesthesia. Vagi and 
splanchnic nerves Intact. A, stom- 
ach hypertonic and active. At x, 
weak tetanizing current applied to 
central end of left sciatic, produc- 
ing temporary Inhibition of con- 
tractions and tonus. B, Monkey 
XXVIII, stomach hypotonic and 
quiescent. At x, moderate trac- 
tion on left uncut sciatic, iproduc- 
ing an augmentation In tonus. 
Note pre-existing state of gastric 
mechanism determines the type of 
muscular response. Water mano- 
meter. BP, blood pressure. S, sig- 
nal. St, stomach contractions. T, 
time In 5 second intervals. About 
one-half the original size. 


tonus level, the stimulation was again repeated with the same effect on 
the blood pressure but with exactly the opposite effect on the gastric 
tonus. This means that the stomach had passed from the hypotonic to 
the hypertonic condition and again, on receiving the same stimulus 
through the nerve, responded with a fall in gastric tonus (Fig. 85 C). 
This reaction was obtained throughout the remainder of the experiment, 
which was continued for about three hours. The last curve (Fig. 85 D) 
shows the normal level of gastric tonus following recovery from the pre- 
vious stimulation. 

In regard to the effect of sciatic stimulation following section of both 
vagi in the neck, the author’s results on the monkey are, so far negative, 
but further investigations are under way to check up on this point. How- 
ever, Wertheimer (388) found that sciatic stimulation caused inhibi- 
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tion of the stomach and that this reflex was decreased by section of the 
vagi, but not entirely abolished by subsequent section of both splanchnic 
nerves. 

The Influence of Stimulation of the Vagus on the Tonus and 
Motility of the Gastric Mechanism 

Stimulation of the peripheral cut end of the vagus with a medium 
tetanizing current produces the characteristic fall in blood pressure, ac- 
companied by a powerful contraction of the sLomach, which is then fol- 
lowed by a temporary inhibition of the gastric tonus (Pig. 86 A). The 
stomach is exhibiting good contractions and may be assumed to be in a 
medium state of hypertonus. In the next curve the stomach is hypotonic 
and the weak stimulus, when applied to the nerve, produces a slight fall 
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Fig. 83. — Monkey XXIII. Light ether anesthesia. Vagi and splanchnic nerves intact. 
Records showing change in gastric tonus on a quiescent stomach and covering a period 
of about 35 minutes. A, stomach hypotonic. At x, moderate traction on left uncut 
sciatic, producing an augmentation in tonus. B, gradual increase in gastric tonus in 
absence of any artificial stimulus. At d, air pressure in balloon reduced to establish 
a new tonus level. C, stomach hypertonic. At x, same stimulus applied as in A but 
producing exactly the opposite effect on the gastric response. D, recovery to normal 
level of gastric tonus. Water manometer. BP, blood pressure. S, signal. St, stomach 
contractions. About one-half the original size. 

in blood pressure accompanied by a spasm of the stomach and an increase 
in the gastric tonus (Fig. 86 B). In the third tracing, weak peripheral 
vagal stimulation in the quiescent hypotonic stomach causes a powerful 
contraction with a fall in blood pressure. This gastric contraction after 
a slight fall in tonus is followed by a group of contractions on an elevated 
tonus level. 
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If the nerve stimulus is again repeated at x' exactly the opposite effect 
now occurs in the stomach, namely, temporary inhibition of contractions 
with a marked fall in gastric tonus, and the contraction period apparently 
goes on to completion regardless of its interruption and finally returns 
to the original tonus level which it possessed previous to the stimulation 
(Pig. 86 C) . This is illustrative of how the gastric tonus, through a given 



ABC 

Fig. 86.-— Monkey XII. Light ether anesthesia. Vagi cut.. A, stomach hypertonic 
and active. At x, weak tetanizing current applied to peripheral end of right vagus, pro- 
ducing a powerful gastric contraction foUowed by a fan in tonus. B, Monkey XVI, stomach 
hypotonic and quiescent. At x, same stimulus applied as in A but producing gastric 
spasm. C, Monkey XXIV, stomach quiescent and hypotonic. At x, same stimulus ap- 
plied as in A and B, producing powerful gastric contraction and throwing stomach Into 
period of activity. This is inhibited if the stimulus is again repeated at x', but there is 
recovery and the period goes on to completion. Water manometer. BP, blood pressure. 
S, signal. St, stomach contractions. T, time In 5 second intervals. About one-half the 
original size. 


artificial stimulus, may be increased with the development of stomach 
motility and then inhibited by a second stimulation of the nerve. 

This is in accordance with the work of Rogers and Bercovitz (203), 
who found that stimulation of the vagus in dogs and turtles may produce 
either an excitatory effect on gastric motility, or an inhibitory influence 
on gastric tone and contractions. Brown and Garry (2J/-1) made simi- 
lar observations on the spinal cat from stimulation of the cervical and 
infracardiac vagus. Langley (11 7) and May (183) have reported 
similar results on the rabbit, cat and monkey. More recently, McCrea, 
McSwiney and Stopford (135) have reported that the primary effect 
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on the stomach of stimulating the peripheral cut end of either vagus 
in the rabbit, cat and dog, is dependent on the existing condition of the 
peripheral mechanism (“tonus”) and may be inhibitor or augmentor. 
The inhibitor or augmentor effect may involve both “tonus” and move- 
ment. The final effect of stimulation is to bring about the augmenta- 
tion of existing movement or to initiate movement. The augmentor 
response is commonly obtained from the resting stomach, the preliminary 
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Fig. 87. — Monkey XV. Light ether anesthesia. Vagi and splanchnic nerves intact. 
Records showing different gradations of gastric tonus with the effect of moderate 
traction on the uncut vagus. A, stomach strongly hypertonic and active. At x, stimu- 
lation of right uncut vagus, producing a marked fall in the gastric tonus. B, Monkey 
XVI, stomach moderately hypertonic and active. At x, stimulation of right uncut vagus, 
producing only a moderate fall in the gastric tonus. C, Monkey XXVIII, stomach 
markedly hypotonic and quiescent. At x, stimulation of left uncut vagus, producing 
a powerful spasm. Water manometer. BP, blood pressure. S, signal. St, stomach 
contractions. About one-half the original size. 


inhibitor response, from the active digesting stomach two to three hours 
after a meal. The “tonus” and contraction may vary inversely or di- 
rectly and the authors think it probable that the entogastric pressure, 
excitability, and response to stimulation, are governed by the inter- 
action of these various factors which together constitute the peripheral 
mechanism, and that they are interdependent to a greater or lesser degree. 
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The mechanism resulting in these effects is peripherally situated, for they 
occur after bilateral vagotomy. Furthermore, the response of the stomach 
to vagus stimulation depends not upon the frequency or intensity of the 
stimulus, as suggested by Teach {230) but upon the condition of the 
peripheral mechanism ( 140 ) . The isolated pyloric portion of the stomach 
also reacts in a similar way {130). 

Similar results are also obtained on the monkey when the uncut a agus 
nerve is stimulated by moderate traction (Fig. 87 A, B and C). In 
fact, various gradations of tonus are represented in these respective 
curves with the corresponding effects on gastric motility and blood pres- 
sure. By repeated moderate traction on the uncut vagus, in certain ani- 



Fig. S8.— Monkey XXIII. Light 
ether anesthesia. Vagi and splanch- 
nic nerves Intact. Stomach in a 
condition of hypertonus, showing 
the effect of repeated stimulation by 
moderate traction on the uncut right 
vagus at points x. x', x", respec- 
tively. Note the changes In gastric 
tonus and motility. Water manom- 
eter. BP, blood pressure. S. sig- 
nal. St, stomach contractions. About 
one-half the original size. 


mals, when the stomach is in a condition of hypertonus, it is not only 
possible markedly to reduce the gastric tonus but also to throw the gas- 
tric mechanism into a state of motility for short periods, as is indicated 
by application of stimulus at x' (Fig. 88). These results offer additional 
evidence that the response of the gastro-neuro-muscular mechanism is 
related to the pre-existing state of tonus of the organ, as was suggested 
by Carlson, Boyd and Pearcy (SO) in their explanation of the reflex 
control of the cardia and lower esophagus. They also obtained both in- 
hibitor and augmentor effects. More recently, Carlson (40) has shown 
that stimulation of the peripheral end of the hypogastric nerves exerts 
opposite effects on the ascending and transverse colon. If this portion of 
the colon is relatively atonic at the time, the stimulation induces a power- 
ful contraction of both the circular and the longitudinal musculature. 
On the contrary, if this portion of the intestine is in a fair degree of tonus 
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or rhythmic contractions at the time of the stimulation, the tonus and 
motility are inhibited. 

Does this mean that we are dealing with both inhibitory and motor 
fibers in the hypogastric, or are these opposite effects produced by one 
kind of efferents, the specific effect depending on the tonus or motor state 
of the intestine at the moment of stimulation ? Before this question can 
be satisfactorily answered, we need to have a more correct physiological 
analysis of the specific action of the fibers of the nerve trunk concerned 
with such reactions. 

Experimental stimulation of the central end of the cut ^agus, with the 
opposite nerve intact, probably produces effects on the gastric response 
similar to those caused by sciatic and peripheral vagus stimulations and 
therefore more or less dependent on the pre-existing state of tonus of 
the gastric mechanism. In support of this, however, Morat (H9) has 
obtained inhibition of the stomach on stimulation of the central end of 
one vagus, provided the other vagus remained intact. After section of 
both vagi, the author has been unable to elicit this reflex but the work 
is not fully completed as yet on this particular phase of the question. 
Laughton (US) has recently shown that faradic stimulation of the 
cephalic half of the dorsal vagus nuclei of the cat causes contractions in 
the stomach ; although, if the organ is hypertonic at the time of stimula- 
tion, inhibition of tone results. The cephalic half of the left dorsal vagus 
nucleus gives a more marked effect on the stomach than stimulation of 
the corresponding part of the right dorsal vagus nucleus, which is in 
accord with the findings of McCrea, McSwiney and Stopford (135) that 
the left vagus gives a greater response than that of the right nerve. 

The Influence of Stimulation of the Splanchnics on the Tonus 
and Motility of the Gastric Mechanism 

The splanchnic nerves are almost universally stated to be the in- 
hibitor nerves of the stomach, but at times various investigators have 
noted augmentor effects. These nerves were isolated through a skin in- 
cision extending from the lateral edge of the deep muscles of the back 
medially and ventralward for about two inches. By this method the 
nerves were isolated outside of the peritoneal membrane after passing 
through the crura of the diaphragm, so that entrance into the abdominal 
cavity was not required for the exposure of the nerves for stimulation, a 
factor which is of great physiological importance in this type of experi- 
mentation. Van Braam-Houckgeest (229), Courtade and Guvon (60), 
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and Klee [112), working on rabbits, cats and dogs, have obtained in- 
hibitory effects on the stomach from stimulation of the splanchnic nerves. 
Oser (162), in dogs, obtained a weak contraction followed by a relaxa- 
tion. Ton Openchowski (284, 2S5) found that stimulation of the splanch- 
nic minor with the vagi intact led to a reflex dilatation of the cardia in 
the rabbit. Battelli (11), in rabbits, cats, dogs and rats, obtained mostly 
inhibitory effects, but a few of the augmentor type were observed. Morat 
(149), in rabbits and dogs, and Doyon (70) and Nolf (156), in birds, 
obtained both inhibition and augmentation. Elliot (75), in cats and 
rabbits, observed an inhibition of the cardia and a contraction of the 


Fig. 89. — Monkey XXIV. Light ether anesthesia. 
Records of effect of splanchnic stimulation on 
the gastric response. A. btomach hypertonic and 
quiescent. At x, strong tetanizing current ap- 
plied to peripheral end of left splanchnic, pro- 
ducing a fall in gastric tonus with the characteristic 
rise in blood pressure. B, same animal, stomach 
hypotonic and quiescent. At x, same stimulus ap- 
plied as in A but producing exactly the opposite 
effect on the gastric tonus with the same blood 
pressure reaction as in A. Water manometer. 
BP, blood pressure. S, signal. St, stomach. About 
one-half the original size. 


pyloric sphincter. Carlson, Boyd and Pearev (50) observed both motor 
and inhibitor effects on the cardia and lower end of the esophagus. 

In the monkey, stimulation of the peripheral cut end of the splanchnic 
nerve with a strong tetanizing current produces the typical rise in blood 
pressure accompanied, in some cases, by a fall in the gastric tonus, a 
condition probably created by the hypertonic state of the stomach (Pig. 
89 A). In the second curve recorded from the same animal thirty-five 
minutes later, in which a similar stimulus was employed, there is still 
the usual rise in blood pressure, but here again we have just the opposite 
effect on the gastric Wus (Pig. 89 B). This rise in tonus is probably 
due to the hypotonic state of the gastric mechanism. However, these 
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reactions from splanchnic stimulation are not as marked as the results 
usually obtained from stimulation of other nerves already described in 
the monkey. They are, ne\ ertlieless, in general agreement with the pub- 
lished results of MeCrea and MeSwiney (137 ) on peripheral splanchnic 
stimulation in the cat and dog, with the exception that their contractions 
are very much stronger than any which the author was able to obtain. 
Stimulation of the central end of the splanchnic seems to exert some in- 
fluence on the stomach at times, especially in the direction of a reflex 
inhibition of tonus, but this is another phase of the work which will re- 
quire special attention for verification. 



situ 


Fig. 00.— Monkey XXVIII. Light ether 
anesthesia. Vagi and splanchnic nerves 
Intact. Gastric records on the compres- 
sion of the eyeball — **oculogastric reflex.” 
A, stomach hypertonic and quiescent. At 
x, moderate compression of the right eye- 
baU, producing an inhibition of the gas- 
tric tonus and the blood pressure. B t 
same animal, stomach hypotonic and 
quiescent. At x, moderate compression 
of the left ejeball. producing a slight in- 
crease in the gastric tonus and a similar 
blood pressure reaction as in A. Water 
manometer. BP, blood pressure. S, sig- 
nal. St, stomach. About one-half the 
original size. 


A B 

Tiib Oculogastrio Keflex from Compression of the Eyeball 

Compression of the eyeball may exert an influence on the gastric re- 
sponse and is probably dependent, as stated in other parts of this paper, 
on the pre-existing state of tonus of the peripheral gastric mechanism at 
the moment of the application of the stimulus. It was not possible to 
elicit this reflex from all animals studied, but several on which it was 
tried gave favorable reactions. Moderate compression of the eyeball re- 
sults in a fall in blood pressure and a fall in the gastric tonus, if the stom- 
ach is hypertonic (Pig. 90 A). On the contrary, if the stomach is hy- 
potonic, similar compression of the eyeball may result in a slight in- 
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crease in gastric tonus along with the usual fall in blood pressure (Fig. 
90 B ) . However, the reflex increase in gastric tonus is much more diffi- 
cult to obtain than the reflex inhibition uf tonus, but it probably exists. 
These results are confirmatory of those of Danielopolu and Carniol (&J) 
in so far that compression of the eyeballs inhibits the movements of the 
stomach. It is probable that all afferent sensory nerves of the body may 
exert a reflex influence on the gastro-neuro-muscular mechanism. 



Fig. 01. — Fred Vlcek, tlie 
second Alexis St. Martin. 
Twenty years after perma- 
nent closure of esophagus 
from accidentally drinking 
a strong solution of caustic 
potash, which led to estab- 
lishment of gastric fistula. 
(Courtesy of Professor A. 
J. Carlson, The University 
of Chicago.) 


Han ( Homo sapiens) 

From the standpoint of the development of the stomach, it is generally 
conceded that it has been evolved from a simple tube, first by an enlarge- 
ment which is then followed by a bending of the pylorus towards the 
cardia, and lastly by the addition of one or more caecal pouches. The 
pyloric portion of the stomach of Ariolimax (Fig. 18). and the stomach 
of the eel, consists almost entirely of such a pouch, which has grown from 
the convex side of a bend in the original tube. It is, therefore, obvious 
in such stomachs that the primitive tube is to be found along the lesser 
curvature. In support of this, Oppel (160) and Huntington (95) have 
reported that even the complicated stomachs of ruminants can be resolved 
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into a series of aeca arranged along the original tube. Furthermore, 
Keith and Jones ( 108 ) and Lewis ( 119 ) have brought forth evidence that 
the fundus of the human stomach represents such a caecum which in 
embryonic life grows out from the greater curvature. Lewis ( 119 ), from 
his studies on a 10 mm. human embryo, has shown that the stomach is 
no longer a simple sac with superior and inferior orifices but is composed 
of three parts, namely : the expanded, conical lower end of the esophagus, 
the long tubular antrum (pars pylorica), a little wider than the adjacent 



Fig. 02. — Photograph 
showing permanent gastric 
fistula of Fred Vlcek, with 
rubber tube in situ. (Cour- 
tesy of Professor A. J. 
Carlson, The University of 
Chicago.) 


duodenum, and a small fundus. Between the upper and lower portions, 
and almost exactly in the middle of the stomach, or at the end of the 
esophagus where it meets the pyloric antrum, is the incisura angularis. 
The fundus then grows at the expense of the other two parts so that finally, 
when the stomach has reached its full development, the end of the esopha- 
gus is represented only by the cardiac antrum and that prolongation along 
the lesser curvature which forms the gastric canal. Jefferson ( 102 ), in 
his studies on the canalis gastricus, has produced some interesting facts ; 
for many animals, including man, have a loop of muscle fibers along the 
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lesser curvature which on contracting forms a gutter, or in the ruminants 
and kangaroos an actual tube. This tube formed by the contraction of 
the lips of the gastric canal acts as a direct communication from mouth 
to omasum and abomasum during the period of nursing, but in the adult 
according to Schalk and Amadou {210) it rarely functions in this way. 
In this manner the primitive tube is largely restored and food is, there- 
fore, prevented from entering the caecal pouches of the stomach. Further- 



Fig. 03. — Photograph of 
Fred VIcek, showing ar- 
rangement for simultaneous 
recording of the gastric 
hunger contractions by the 
balloon method, and also 
the vasomotor and cardiac 
changes by use of the arm 
plethysmograph. (Courtesy 
of Professor A. J. Carlson, 
The University of Chicago.) 


more, Wester ( 240) has shown that this rudimentary structure is the 
starting-point of the peristaltic waves which pass over the reticulum and 
rumen in one direction and over the omasum in the other, and in con- 
firmation of this Alvarez {4, 5) has shown that the most rhythmic 
tissue in the stomach is to be found on the lesser curvature near the cardia. 

Xo series of comparative studies would be complete without reference 
to man. The major work on the gastric hunger mechanism on man has 
been done chiefly by Cannon {34) and Carlson ( 41 ) with the aid of their 
associates. The writer feels himself most fortunate to have had the rare 
opportunity of knowing personally, Fred VIcek, the second Alexis St. 
Martin, at the University of Chicago, and to have been able to observe 
directly on him some of this human gastric phenomena. The hoy, 
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Fred Ylcek, at the age of six accidentally drank a strong solution of 
caustic potash which led to a permanent closure of the esophagus and 
the establishment of a gastric fistula (Figs. 91, 92 and 93). For a fur- 
ther history of this case the reader is referred to Carlson (40, 47). 

Furthermore, the writer, in order to become more familiar with the 
technique as applied to the stomach of the normal human being, has car- 
ried out various experiments on himself by the esophageal method and 
has confirmed many of the physiological states and reactions peculiar 
to the human stomach as described by these well known investigators. A 
normal tracing recorded from the fasting stomach of the writer (Fig. 
94) at about the age of thirty is shown for comparison with similar curves 
taken from the fasting stomach of the monkey (see gastric tracings of 
monkey, Fig. 81 X and B). It should be observed that the contractions of 
the empty stomach of the monkey are practically identical with those from 
the empty stomach of man when the factor of age is taken into considera- 
tion. An extended discussion of the movements of the fasting stomach 
of man need not be entered into here, since the important factors bear- 
ing on this problem have already been fully diseased in other sections 
of this paper. 


DISCUSSION AND CONCLUSION 

The gastric reflexes described in the preceding sections of this paper 
are reactions depending not only on the condition of the central nervous 
system, but also on the pre-existing state of the gastro-neuro-muscular 
mechanism. It must not be inferred that all of these reflexes can be 
demonstrated in a single animal, even when extreme care is taken with 
the anesthesia and the trauma of necessary dissections. The reflexes in 
some specimens were more readily elicited than in others, even under 
experimental conditions as nearly identical as possible. There is no real 
explanation to offer for these variations unless they are due to the unknown 
factor of central and peripheral “shock/’ In some of the animals a con- 
dition of “shock’" surely existed, which varied from forty-five minutes 
to one and one-half hours, during which the breathing might be shallow 
and the blood pressure very low. However, most of these animals made 
a 'good recovery and it was not until then that the actual experimentation 
was started. 

The motor control of the stomach involves local automatism and reflexes 
via the Auerbach s plexus, long reflexes via the vagi efferents, and long 
reflexes via the splanchnic efferents. The long reflex mechanisms can 
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be thrown into activity by the stimulation of such nerves as the sciatic, 
vagus, and possibly the splanchnic, and it is also probable that stimulation 
of all sensory nerves throughout the body exerts an influence on the stom- 
ach via these mechanisms. Furthermore, the gastric response in these 
reflexes may be either relaxation or contraction, depending in large part 
on the pre-existing state of tonus of the stomach at the time of stimulation. 
If the stomach is in feeble tonus, the contraction reflex prevails; if it is 
in strong tonus, the inhibition reflex usually predominates. The in- 
hibitor or augmentor effect may, therefore, involve both “tonus” and 
movement. 



Fig. 94. — Normal hunger contractions from the empty stomach of man (T. L. P., 
age 81) after a fast of 25 hours. About one-half the original size. 


The generally accepted idea regarding the effect of the vagus and 
splanchnic nerves on the gastrointestinal tract has been that the vagus 
carries inhibitory, and the splanchnic motor, impulses to the cardiac and 
pyloric sphincters, even though reports in the literature varied. Carlson 
and Litt (52) have shown in dogs that the response of these sphincters to 
nerve stimulation and to drugs depends upon the physiological condition 
of the sphincters at the moment the stimulus is applied. If the sphincters 
are relaxed, the stimulus causes contraction; if the sphincters are con- 
tracted, the sphincters are made to relax. Furthermore, McCrea and 
Macdonald (138) have shown on cats and dogs that the effects produced 
by the intravenous administration of sympatho mim etic (epinephrine, 
ephedrine, ergotamine) and para-sympathomimetic (pilocarpine, physos- 
tigmine, acetylcholine) drugs, like stimulation of the splanchnic or vagus 
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nerves, vary with the tone of the viscus, but do not closely duplicate the 
effects of faradic stimulation. On the other hand, McSwiney and Robson 
(2-4-0 an< l Finkleman ( 7S ) have advanced some evidence to show that 
the type of response resulting from \agus and sympathetic stimulation 
is determined by the liberation of chemical substances in the periphery. 
More recently, Thomas* (221+) has demonstrated that the primary action 
of epinephrine on the pyloric sphincter of the dog, eat and rabbit, in 
situ may cause either an increase or decrease of the tonus, the former 
when the muscle is relaxed and the latter when it is contracted. This 
also brings up the interesting question of variations in drug action on 
the stomach, which, on the basis of this investigation, has its explanation 
in the vexed question of “tonus/* This merely denotes the state oC the 
peripheral mechanism but it tells us nothing of its etiology. The above 
observations explain the discordant results reported in the experimental 
and clinical literature. They also show that cardiospasm or pylorospasm 
may be due to reflexes over either the vagi or splanchnic nerves and indi- 
cate that the states of spasm or atonicity may be caused by excess ac- 
ti\ity of either the vagus or splanchnic efferents, motor and inhibitory. 
The motor and inhibitory nerve fibers, according to Carlson and Litt 
(-72), enter the pylorus by way of both of the vagi and of the splanchnic 
nerves, thus confirming the work of previous observers. According to 
these investigators, there are types of pylorospasm that may be decreased 
or removed by (1) section of the vagus nerves, (2) section of the splanch- 
nic nerves, (3) stimulation of the peripheral end of these nerves. There 
are also states of atonicity of the pylorus that may be relieved by section 
of the vagus nerves. 

Chang (57), from experiments on dogs, has made the deduction that 
the response of the stomach musculature is dependent on the state of 
interaction of the stimulating and inhibiting factors. Accordingly, the 
action of drugs on the intact stomach is supposed either to enhance an 
existing action rendering the opposing action ineffective, or simply to 
cause a sufficient increase of one component to upset the equilibrium 
and thus excite the opposing action into effect. If true, this would offer 
an answer to the question, but what relation does tonus or tension of the 
muscle fiber bear to this state of equilibrium ? 

According to McSwiney and Brown (139), there is an existing rela- 
tionship between the condition of the tissue and the nature of the response 
elicited by epinephrine, an inhibitor effect being obtained with the con- 
tracted or tonic muscle, and an augmentor response from the long or 
atonic strip. Since these effects were obtained after the use of diverse 
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drugs, some of which are regarded as acting on the parasympathetic sys- 
tem, others directly on the muscle, it would appear probable that the 
re\ersal effects reported were due to changes accompanying variations in 
the conditon of the muscle substance. 

Unfortunately there is no absolute measure of tonus, so that it is im- 
possible to distinguish the apparent tone of the organ from the normal, 
except in a very general way. Therefore, an organ is belie\ed to be tonic 
when exhibiting motility and atonic when it is quiescent, but this is not 
necessarily true as is shown by the author's tracings from the stomach ot! 
the monkey. (Fig. 85 B and C ; Fig. 88 ; Fig. 89 A ; Fig. 90 A) . An ex- 
amination of these curves obtained during stimulation of the sciatic, 
vagus, splanchnic and eyeball, respectively, indicate conclusively, accord- 
ing to the methods employed in this investigation, that the stomach may 
be in a good state of tonus without exhibiting motility. The author be- 
lieves it is possible, in acute experiments and by properly graded nerve 
stimulation, to determine the relative degree of the gastric tonus. 

A discussion of the genesis of the hunger contractions would not be 
complete without a consideration of the chemical factors that may be in- 
volved. In the normal animal chemical changes in the blood as well 
as nervous impulses from the brain and spinal cord augment or decrease 
the primary automatism of the gastro-neuro-muscular mechanism in a 
way to correlate it with the needs of the organism. In support of this 
conception, Luckhardt and Carlson ( 124 ) found that the gastric tonus 
and motility in normal dogs were increased by the intravenous injections 
of blood obtained from diabetic and fasting dogs. More recently, Tschu- 
kitscheff ( 227 ) has reported confirmatory experiments and further states 
that if the blood is drawn from a fasting dog during a gastric rest pe- 
riod, it will augment the gastric motility of the recipient, whereas, if the 
donor's stomach is active at the time the blood is drawn, a similar injec- 
tion w T ill inhibit the activity of the recipient's stomach. These results 
would indicate the presence of a humoral facior or factors in the blood, 
which were responsible for changing the functioning of the gastric hunger 
mechanism. In support of this, Farrell and Ivy (77) and Ivy ( 09 ) 
have shown that a transplanted gastric pouch ( 100 ) in the mammary 
gland of a dog exhibits hunger periods simultaneously with the stomach 
proper, which affords good evidence that these contractions are due to 
some humoral agency. Furthermore, Bulatao and Carlson ( 27 ) have 
shown that sugar metabolism is in some way related to the humoral 
agency, since dextrose injected intravenously stops the hunger contrac- 
tions while insulin augments the hunger contractions. Quigley and 
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Templeton (J0J) have emphasized the importance of a hormone in the 
primary control of motility in the fasting stomach and they indicate that 
this hormonic substance is not the blood sugar. However, as yet, no 
specific hunger hormone has been isolated. These investigators have also 
emphasized the importance of the central nervous system in the modifica- 
tion of this motility. 

The action of insulin and dextrose on the hunger mechanism promises 
to throw additional light on this question. Patterson (176), working 
on the gastric motility of the fasting California giant slug, Ariolimax 
cctlifornicus, found that insulin introduced directly into the extirpated 
stomach which had been placed in oxygenated Ringer's solution, markedly 
augmented the gastric activity while dextrose exerted the opposite or 
inhibitory effect. (Results with insulin and dextrose unpublished.) 
Furthermore, Bulatao and Carlson (27) have shown that intravenous in- 
jections of insulin into normal fasting dogs increased the gastric tonus 
and motility and also that subsequent injections of dextrose inhibited 
this tonus and motility. Similar observations have been made by Cascao 
de Anciaes (M3), Meyer (21+6) and Roholm (21tS) and found to apply 
to gastric secretion as well as to motility. Farrell and Ivy (77) also ha\e 
noted that the motility of the transplanted gastric pouch in the dog was 
inhibited in about five minutes by the intravenous injection of relatively 
large amounts of dextrose. 

Quigley, Johnson and Solomon (191), using the triple balloon method 
have obtained similar results in man, with the exception that dextrose — 
when introduced directly into the stomach with the balloon distended — 
does not produce inhibition of the gastric motility; and subsequent in- 
vestigation has indicated that the solution did not leave the stomach, be- 
cause of the balloon in the pyloric antrum. When the experiment was 
modified by collapsing the balloons for ten to fifteen minutes following 
the dextrose administration, or when the solution was put directly into 
the duodenum, inhibition resulted. Templeton and Quigley (220) also 
have reported that the intravenous or subcutaneous injections of eight 
to eighty units of insulin in fasting dogs inhibited the motility and de- 
pressed the tone of the Heidenhain-poueh at the same time that the tone 
and motility of the main stomach was being augmented. On the other 
hand, the intravenous injection of dextrose was usually without effect 
on the motility of the pouch, but when dextrose was fed to the animal 
the pouch motility was inhibited. Furthermore. Quigley and Temple- 
ton (192) have found that the motility of a pouch made from the pyloric 
region of the dog's stomach was not appreciably altered by either in- 
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travenous injections of insulin or dextrose, which they attributed to com- 
plete denervation of the pouch. The action of these substances on the 
gastric motility in double splanchnicotomized dogs while fasting, is 
similar to that displayed by normal animals except for a slight increase 
in the gastric activity. 

It has been shown further, by Quigley and Templeton ( 193 ), that the 
intravenous or subcutaneous injection of insulin does not increase the 
motility and tonus of the empty stomach of bilaterally vagotomized dogs 
and that if the stomach is active the hunger contractions are actually in- 
hibited. Similar injections of dextrose are actually without effect. Since 
the other symptoms of insulin overdosage (convulsions, etc.) occurred in 
these animals in a normal manner, it is believed that the vagi were con- 
cerned in the insulin action on the stomach. Evidence is therefore af- 
forded that insulin acts centrally to augment the discharge of augmenta- 
tory impulses over the vagi in the normal animal, since the augmentation 
of gastric tonus and motility is completely abolished by bilateral vagot- 
omy, the dorsal vagus nucleus possibly acting as the controlling center 
( 118 ). It is further suggested by these investigators that the gastric 
inhibition from insulin in vagotomized dogs is probably the result of the 
stimulating action of insulin on the sympathetic system, thus increasing 
the inhibitory impulses to the stomach. The same explanation is offered 
for the inhibition of the Heidenhain-pouch. It is also possible that this 
inhibition may have been produced by a discharge of epinephrine, since 
Cannon, Mclver and Bliss ( 37 ) have observed that such a discharge oc- 
curs when the blood sugar after insulin falls to about seventy mgm. 
per cent. 

La Barre and Destree (244) have recently presented experimental evi- 
dence on dogs to show that the increased gastric activity is due primarily 
to a low blood sugar, which includes not only its muscular but also its 
secretory activity. Hence, hypoglycemia following hepatectomy pro- 
duced about the same effect as insulin, but in both cases the intravenous 
injections of dextrose in sufficient quantities to raise the blood sugar to 
normal, or double vagotomy, or atropinisation, immediately abolished 
the stimulating effect. However, the inhibiting effect of dextrose occurred 
only when the blood sugar was low for no such change was ever observed 
in the gastric activity when the dextrose was given to an intact animal 
with a normal level of blood sugar, a result which is in confirmation with 
the experiments of Quigley and Hallaran (&47). Furthermore, it has 
been shown by La Barre ( 243 ) in cross-circulation experiments that the 
hypoglycemic blood of one animal when passed through the cerebrum of 
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a second animal, augmented gastric function in the second even though 
all connections with the cerebrum were severed save the vagus nerves. 
This would seem to indicate that the impulses leading to increased gas- 
tric activity were transmitted by the vagus and was a result of the blood 
supply to the brain being low in its content of sugar. If these experi- 
ments are confirmed, the role of the vagus in the production of hunger 
and in the augmentation of gastric function will be more clearly under- 
stood. 

Granted that the gastric response is dependent on tonus and that in- 
crease or decrease of gastric tonus accompanies the gastric augmentation 
or relaxation, as the case may be, it is suggested that a hypothetical tonus 
center may exist in the brain, since the administration of insulin in dogs, 
after complete section of the vagi, results in an inhibition of the gastric 
tonus and hunger contractions, whereas, in the normal animal, with the 
vagi intact, there is the usual augmentation in the gastric tonus and 
motility of the empty stomach ( 193 ) or possibly the above center may be 
affected by a low blood sugar to the brain ( 243 ). It is further suggested 
that the dorsal vagus nucleus may act as a tonal center for the hollow vis- 
ceral organs (stomach, intestine, etc.) and be somewhat analogous in its 
action to that of the vaso-motor center in the maintenance of tonus of 
blood vessels. It is assumed that, if such a center actually exists, it would 
be subjected to the varying influences of both nervous and humoral fac- 
tors of stimulation with efferent connections via the vagi and splanchnic 
nerves, which would control the tonus and offer a possible explanation 
for the variations in gastric response from stimulation of such nerves as 
the sciatic, vagus and splanchnics, as outlined in the earlier sections of 
this paper. 

It should be clear from this discussion that several mechanisms are 
concerned in the causation of the gastric contractions, which involve the 
more complicated physiological processes of the tissue elements com- 
prising the gastro-neuro-muscular apparatus. The activity, whether pro- 
duced by nervous or humoral factors, or both, must in its last analysis be 
fundamental, the chemical state being altered through changes in iso- 
tonicity, nutrition, metabolism, hydrogen ion concentration, cell per- 
meability, etc., upon which, it is assumed, the development of gastric 
tonus is largely dependent. Such a detailed hypothesis would afford a 
solution of the question of the reflex coordination existing in the normal 
physiological state of the stomach and subject to the alterations in the 
chemical constitution of its tissues, for, until we understand these mechan- 
isms with their underlying basic factors, we cannot expect to be able to 
analyze and interpret to the fullest extent the handwriting of the stomach. 
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THE ORGANIZATION OF THE NEW YORK ACADEMY OF 

SCIENCES 

THE ORIGINAL CHARTER 

AN ACT TO INCORPORATE TIIE 

LYCEUM OP NATURAL HISTORY IN THE CITY OP NEW YORK 


Passed April 20, 1818 


Whereas, The members of the Lyceum of Natural History have peti- 
tioned for an act of incorporation, and the Legislature, impressed with the 
importance of the study of Natural History, as connected with the wants, 
the comforts and the happiness of mankind, and conceiving it their duty 
to encourage all laudable attempts to promote the progress o£ science in 
this State — therefore, 

1. Be it enacted by the People of the State of New York represented in 
Semte atul Assembly , That Samuel L. Mitehill, Casper W. Eddy, Fred- 
erick C. Schaeffer, Nathaniel Paulding, William Cooper, Benjamin P. 
Kis^am, John Torrey, William Cumberland, D’Jureo V. Knevels, James 
Clements and James Pierce, and such other persons as now are, and may 
from time to time become members, shall be, and hereby are constituted a 
body corporate and politic, by the name of Lyceum of Natural History 
in the City of New York, and that by that name they shall have per- 
petual succession, and shall be persons capable of suing and being sued, 
pleaded and being impleaded, answering and being answered unto, de- 
fending and being defended, in all courts and places whatsoever; and may 
have a common seal, with power to alter the same from time to time ; and 
shall be capable of purchasing, taking, holding, and enjoying to them and 
their successors, any real estate in fee simple or otherwise, and any goods, 
chattels, and personal estate, and of scdling, leasing, or otherwise dispos- 
ing of said real or personal estate, or any part thereof, at their will and 
pleasure: Provided always, that the clear annual value or income of such 
real or personal estate shall not exceed the sum of five thousand dollars : 
Provided , however, that the funds of the said Corporation shall he used 
and appropriated to the promotion of the objects stated in the preamble 
to this act, and those only. 

2. And be it further enacted That the said Society shall from time to 
time, forever hereafter, have power to make, constitute, ordain, and estab- 
lish such by-laws and regulations as they shall judge proper, for the elec- 
tion of their officers; for prescribing their respective functions, and the 
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mode of discharging the same ; for the admission of new members ; for the 
government of the officers and members thereof; for collecting annual 
contributions from the members towards the funds thereof; for regulat- 
ing the times and places of meeting of the said Society; for suspending 
or expelling such members as shall neglect or refuse to comply with the 
by-laws or regulations, and for the managing or directing the affairs and 
concerns of the said Society: Provided such by-laws and regulations be 
not repugnant to the Constitution and laws of this State or of the United 
States. 

3. And be it further enacted , That the officers of the said Society shall 
consist of a President and two Vice-Presidents, a Corresponding Secre- 
tary, a Recording Secretary, a Treasurer, and five Curators, and such 
other officers as the Society may judge necessary; who shall be annually 
chosen, and who shall continue in office for one year, or until others be 
elected in their stead ; that if the annual election shall not be held at any 
of the days for that purpose appointed, it shall be lawful to make such 
election at any other day; and that five members of the said Society, 
assembling at the place and time designated for that purpose by any by- 
law or regulation of the Society, shall constitute a legal meeting thereof. 

4. And be it further enacted, That Samuel L. Mitchill shall be the 
President; Casper W. Eddy the First Vice-President; Frederick C. 
Schaeffer the Second Vice-President; Nathaniel Paulding, Correspond- 
ing Secretary; William Cooper, Recording Secretary; Benjamin P. Kis- 
sam, Treasurer, and John Torrey, William Cumberland, D’Jurco V. 
Knevels, James Clements, and James Pierce, Curators; severally to be 
the first officers of the said Corporation, who shall hold their respective 
offices until the twenty-third day of February next, and until others shall 
be chosen in their places. 

5. And be it further enacted. That the present Constitution of the said 
Association shall, after passing of this Act, continue to be the Constitu- 
tion thereof ; and that no alteration shall be made therein, unless by a 
vote to that effect of three-fourths of the resident members, and upon the 
request in writing of one-third of such resident members, and submitted 
at least one month before any vote shall be taken thereupon. 

State of New York, Secretary's Office. 

I certify the preceding to be a true copy of an original Act of the 
Legislature of this State, on file in this Office. 

Arch’d Campbell, 

Dep . Secfy. 


Albany, April 2D, 181& 



ORGANIZATION OF NEW YORK ACADEMY OF SGIVNOES 


3 


ORDER OF COURT 


ORDER OF THE SUPREME COURT OP THE STATE OP NEW YORK 
TO CHANGE THE NAME OP 

THE LYCEUM OF NATURAL HISTORY IN THE OITY OF 

NEW YORK 

TO 

THE NEW YORK ACADEMY OF SCIENCES 


Whereas, in pursuance of the vote and proceedings of this Corpora- 
tion to change the corporate name thereof from “The Lyceum of Natural 
History in the City of New York” to “The New York Academy of Sci- 
ences,” which vote and proceedings appear to record, an application has 
been made in behalf of said Corporation to the Supreme Court of the 
State of New York to legalize and authorize such change, according to 
the statute in such case provided, by Chittenden & Hubbard, acting as 
the attorneys of the Corporation, and the said Supreme Court, on the 5th 
day of January, 1876, made the following order upon such application in 
the premises, viz : 

At a special term of the Supreme 
Court of the State of New York, 
held at the Chambers thereof, in 
the County Court House, in the 
City of New York, the 5th day 
of January, 1876: 

Present — noN. Geo. C. Barrett, Justice . 

In the matter of the application of " 
the Lyceum of Natural History 
in the City of New York to au- 
thorize it to assume the corporate f 
name of the New York Academy 
of Sciences. 

J 

On reading and filing the petition of the Lyceum of Natural History 
in the City of New York, duly verified by John S. Newberry, the Presi- 
dent and chief officer of said Corporation, to authorize it to assume the 
corporate name of the New York Academy of Sciences, duly setting forth 
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the grounds of said application, and on reading and filing the affidavit of 
Geo. W. Quackenbush, showing that notice of such application had been 
duly published for six weeks in the State paper, to wit, The Albany 
Evening Journal, and the affidavit of David S. Owen, showing that notice 
of such application has also been duly published in the proper newspaper 
of the County of New York, in which county said Corporation had its 
business office, to wit, in The Daily Register, by which it appears to my 
satisfaction that such notice has been so published, and on reading and 
filing the affidavits of Robert H. Browne and J. S. Newberry, thereunto 
annexed, by which it appears to my satisfaction that the application is 
made in pursuance of a resolution of the managers of said Corporation to 
that end named, and there appearing to me to be no reasonable objection 
to said Corporation so changing its name as prayed in said petition : Now 
on motion of Grosvenor S. Hubbard, of Counsel for Petitioner, it is 

Ordered , That the Lyceum of Natural History in the City of New 
York be and is hereby authorized to assume the corporate name of The 
New York Academy of Sciences. 

Indorsed: Piled January 5, 1876, 

A copy. Wm. Walsh, Clerk . 

Resolution of The Academy, accepting the order of the Court, passed 

February 21, 1876 

And whereas. The order hath been published as therein required, and 
all the proceedings necessary to carry out the same have been had, There- 
fore : 

Resolved, That the foregoing order be and the same is hereby accepted 
and adopted by this Corporation, and that in conformity therewith the 
corporate name thereof, from and after the adoption of the vote and reso- 
lution herein above referred to, be and the same is hereby declared to bo 
THE NEW YORK ACADEMY OP SCIENCES. 

AMENDED CHARTER 

MARcn 19, 1902 

Chapter 181 op the Laws of 1902 

An Act to amend chapter one hundred and ninety-seven of the laws of 
eighteen hundred and eighteen, entitled “An act to incorporate the Ly- 
ceum of Natural History in the City of New York,” a Corporation now 
known as The New York Academy of Sciences and to extend the powers 
of said Corporation. 
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(Became a law March 19, 1902, with the approval of the Governor. 
Passed, three-fifths being present.) 

The People of the State of New York , represented in Senate and As- 
sembly, do enact as follows: 

Section I. The Corporation incorporated by chapter one hundred 
and ninety-se\en of the laws of eighteen hundred and eighteen, entitled 
“ An act to incorporate the Lyceum of Natural History in the City of 
New York/ 1 and formerly known by that name, but now known as The 
New York Academy of Sciences through change of name pursuant to 
order made by the supreme court at the city and county of New York, on 
January fifth, eighteen hundred and seventy-six, is hereby authorized and 
empowered to raise money for, and to erect and maintain, a building in 
the city of New York for its use, and in which also at its option other 
scientific societies may be admitted and have their headquarters upon 
such terms as said Corporation may make with them, portions of which 
building may be also rented out by said Corporation for any lawful uses 
for the purposes of obtaining income for the maintenance of such build- 
ing and for the promotion of the objects of the Corporation; to establish, 
own, equip, and administer a public library, and a museum having es- 
pecial reference to scientific subjects; to publish communications, trans- 
actions, scientific works, and periodicals; to give scientific instruction by 
lectures or otherwise ; to encourage the advancement of scientific research 
and discovery, by gifts of money, prizes, or other assistance thereto. The 
building, or rooms, of said Corporation in the City of New York used 
exclusive^ for library or scientific purposes shall be subject to the pro- 
visions and be entitled to the benefits of subdivision seven of section four 
of chapter nine hundred and eight of the laws of eighteen hundred and 
ninety-Rix, as amended. 

Section II. The said Corporation shall from time to time forever 
hereafter have power to make, constitute, ordain, and establish such by- 
laws and regulations as it shall judge proper for the election of its officers ; 
for prescribing their respective functions, and the mode of discharging 
the same; for the admission of new members; for the government of offi- 
cers and members thereof; for collecting dues and contributions towards 
the funds thereof; for regulating the times and places of meeting of said 
Corporation ; for suspending or expelling such members as shall neglect 
or refuse to comply with the by-laws or regulations, and for managing or 
directing the affairs or concerns of the said Corporation : and may from 
time to time alter or modify its constitution, by-laws, rules, and regula- 
tions. 
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Section III. The officers of the said Corporation shall consist of a 
president and two or more vice-presidents, a corresponding secretary, a 
recording secretary, a treasurer, and such other officers as the Corporation 
may judge necessary; who shall be chosen in the manner and for the 
terms prescribed by the constitution of the said Corporation. 

Section IV. The present constitution of the said Corporation shall, 
after the passage of this act, continue to be the constitution thereof until 
amended as herein provided. Such constitution as may be adopted by a 
vote of not less than three-quarters of such resident members and fellows 
of the said New York Academy of Sciences as shall be present at a meet- 
ing theieof, called by the Recording Secretary for that purpose, within 
forty days after the passage of this act, by written notice duly mailed, 
postage prepaid, and addressed to each fellow and resident member at 
least ten days before such meeting, at his last known place of residence, 
with street and number when known, which meeting shall be held within 
three months after the passage of this act, shall be thereafter the consti- 
tution of the said New York Academy of Sciences, subject to alteration 
or amendment in the manner provided by such constitution. 

Section V. The said Corporation shall have power to consolidate, to 
unite, to co-operate, or to ally itself with any other society or association 
in the city of New York organized for the promotion of the knowledge or 
the study of any science, or of research therein, and for this purpose to 
receive, hold, and administer real and personal property for the uses of 
such consolidation, union, co-operation, or alliance subject to such terms 
and regulations as may be agreed upon with such associations or societies. 

Section VI. This act shall take effect immediately. 

State of New York, 

Office of the Secretary of State. 

I have compared the preceding with the original law on file in th’s 
office, and do hereby certify that the same is a correct transcript there- 
from, and the whole of said original law. 

Given under my hand and the seal of office of the Secretary of State, 
at the city of Albany, this eighth day of April, in the year one thousand 
nine hundred and two. 


J ohn T. McDonough, 
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CONSTITUTION 

Adopted, April 24 , 1902 , and Amended at Subsequent Times 

Article I. The name of this Corporation shall be The New York 
Academy of Sciences. Its object shall be the advancement and diffusion 
of scientific knowledge, and the center of its activities shall be m the City 
of New York. 

Article II. The Academy shall consist of six classes of members, 
namely: Acti\e Members, Fellows, Section Members, Affiliated Members, 
Corresponding Members and Honorary Members. Active Members shall 
be the members of the Corporation who live in or near the City of New 
York, or who, having removed to a distance, desire to retain their connec- 
tion with the Academy. Fellows shall be chosen from the Active Mem- 
bers in virtue of their scientific attainments. Corresponding and Honor- 
ary Members shall be chosen from among persons who have attained dis- 
tinction in some branch of science. The number of Corresponding Mem- 
bers shall not e\oeed two hundred, and the number of Honorary Members 
shall not exceed fifty. 

Article HI. None but Fellows and Active Members who have paid 
their dues up to and including the last fiscal year shall be entitled to vote 
or to hold office in the Academy. 

Article IV. The officers of the Academy shall be a President, as 
many Vice-Presidents as there are sections of the Academy, a Correspond- 
ing Secretary, a Recording Secretary, a Treasurer, a Librarian, an Editor, 
six elected Oouncdors and one additional Councilor from each allied 
society or association. The annual election shall he held on the third 
Monday in December, the officers then chosen to take office at the first 
meeting in January following. 

There shall also be elected at the same time a Finance Committee of 
three. 

Article V, The officers named in Article IV shall constitute a Coun- 
cil, which shall be the executive body of the Academy w ; th general control 
over its affairs, including the power to fill ad interim any vacancies that 
may occur in the offices. Past Presidents of the Academy shall bo ex- 
officio members of the Council. 

Article VI. Societies organized for the study of any branch of 
science may become allied with The New York Academy of Sciences by 
consent of the Council. Members of allied societies may become Active 
Members of the Academy by paying the Academy's annual fee, but as 
members of an allied society they shall be Affiliated Members with the 
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rights and privileges of Section Members, except the receipt of its publica- 
tions. Each allied society shall have the right to delegate one of its mem- 
bers, who is also an Active Member of the Academy, to the Council of the 
Academy, and such delegate shall have all the rights and privileges of 
other Councilors. 

Article VII. The President and Vice-Presidents shall noi be eligible 
to more than one re-election until three years after retiring from office; 
the Secretaries and Treasurer shall bo eligible to re-election without 
limitation. The President, Vice-Presidents and Secretaries shall lie Fol- 
lows. The terms of office of elected Councilors shall be three yearh, and 
these officers shall be so grouped that two, at least one of whom shall be a 
Fellow, shall be elected and two retired each year. Councilors shall not 
be eligible to re-election until after the expiration of one year. 

Article VIII. The election of officers shall be by ballot, and the can- 
didates having the greatest number of votes shall be declared duly elected. 

Article IX. Ten members, the majority of whom shall be Follows, 
shall form a quorum at any meeting of the Academy at which business is 
transacted. 

Article X. The Academy shall establish by-laws, and may amend 
them from time to time as therein provided. 

Article XI. This Constitution may be amended by a \ote of not less 
than three-fourths of the Fellows and three-fourths of the Acti\e Mem- 
bers present and voting at a regular business meeting of the Academy, 
provided that such amendment shall be publicly submitted in writing at 
the preceding business meeting, and provided also that the "Recording 
Secretary shall send a notice of the proposed amendment at least ten days 
before the meeting, at which a vote shall he taken, to each Fellow and 
Active Member entitled to vote. 

BY-LAWS 

As Adopted, October G, 1902, and Amended at Subsequent Timer 

Chapter I 
OFFICERS 

1. President . It shall be the duty of the President to preside at the 
business and special meetings of the Academy and also at the meetings of 
the Council. 

%. * Vice-Presidents. In the absence of the President, the senior Vice- 
President, in order of Fellowship, shall act as the presiding officer. 
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3. Corresponding Secretary . The Corresponding Secretary shall keep 
a corrected list of the Honorary and Corresponding Members, their titles 
and addresses, and shall conduct all correspondence appertaining to such 
membership. He shall make a report at the Annual Meeting. 

4. Recording Secretary . The Recording Secretary shall keep the 
minutes of the meetings of the Academy and of the Council ; he shall have 
charge of all records of the Academy, and of its corporate seal, which he 
shall affix and attest as directed by the Council ; he shall keep a corrected 
list of the Active Members and Fellows, and shall send to them announce- 
ments of the Meetings of the Academy ; lie shall notify all Members and 
Fellows of their election, and members of committees of their appoint- 
ment; he shall notify the members of the Council of the dates of the 
meetings thereof ; he shall lay before the Council at each meeting all mat- 
ters which have come to his attention since the last meeting and which 
require the consideration of the Council. 

5. Treasurer . The Treasurer shall receive all membership fees and 
dues, all interest accruing and paid on the invested or other funds of the 
Academy, and contributions to the Treasury of the Academy from any 
other source. All such moneys, as received, shall be deposited in Banks 
or Trust Companies approved and designated by the Council as deposi- 
tories, in the corporate name of the Academy and subject to the drafts 
of the Treasurer, as such. All bills and debts against the Academy shall 
be paid by the Treasurer on the order of the Council for their discharge. 

The Treasurer shall report to the Council at each meeting thereof a 
statement of the current income and expenditures, and at the Annual 
Meeting, he shall report to the Academy the balance sheet of the funds 
and the income account for the preceding year. 

6. Librarian . The Librarian shall have charge of the library, under 
the general direction of the Library Committee of the Council, and shall 
conduct all correspondence respecting exchanges of the Academy, ne 
shall make a report on the condition of the library at the Annual Meeting. 

7. Editor . The Editor shall have charge of the publications of the 
Academy, under the general direction of the Publication Committee of 
the Council. He shall make a report on the condition of the publications 
at the Annual Meeting. 

Chapter II 
COUNCIL 

1. Meetings . The Council shall hold meetings at such stated times 
as it may decide upon, or at the call of the President. The Council shall 
have general charge of the affairs of the Academy. 
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2. Quorum . Five members of the Council shall constitute a quorum. 

3. Officers. The President, Vice-Presidents and Recording Secretary 
of the Academy shall hold the same offices in the Council. 

4. Committees. The Standing Committees of the Council shall be: 
(1) an Executive Committee consisting of the President, Treasurer, and 
Recording Secretary; (2) Such other committees as from time to time 
shall be authorized by the Council. 

Chapter III 

FINANCE COMMITTEE 

The Finance Committee of the Academy shall audit the Annual Report 
of the Treasurer, and shall act with him in the recommendation to the 
Council of investments of funds of the Academy. 

Chapter IV 

ELECTIONS 

1. Active Members, (a) Active Members shall be nominated in writ- 
ing to the Council by at least two Active Members or Fellows. If ap- 
proved by the Council, they may be elected at the succeeding business 
meeting. 

(&) Any Active Member who, having removed to a distance from the 
city of New York, shall nevertheless express a desire to retain his connec- 
tion with the Academy, may be placed by vote of the Council on a list of 
Non-Resident Members. Such members shall relinquish the full privi- 
leges and obligations of Active Members. ( Tide Chapters V and X.) 

2. Section Members. Workers in science may be elected to Section 
Membership for a period of five years in the manner prescribed for Active 
Members. They shall not have the power to vote and shall not be eligible 
to election as Fellows, but may receive the publications. At any time sub- 
sequent to their election they may assume the full privileges of Active 
Members by paying the dues of such Members. 

3. Fellows, Corresponding Members and Honorary Members. Nomi- 
nations for Fellows, Corresponding Members and Honorary Members 
may be made in writing either to the Recording Secretary or to the 
Council at its meeting prior to the Annual Meeting. If approved by the 
Council, the nominees shall then be balloted for at the Annual Meeting. 

4. Officers. Nominations for Officers, with the exception of Vice- 
Presidents, may be sent in writing to the Recording Secretary, with the 
name of the proposer, at any time not less than thirty days before the 
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Annual Meeting. Each, section of the Academy shall nominate a candi- 
date for Vice-President, who, on election as such, shall be Chairman of the 
section ; the names of such nominees shall be sent to the Recording Secre- 
tary properly certified by the sectional secretaries, not less than thirty days 
before the Annual Meeting. The Council shall then prepare a list which 
shall be the regular ticket. This list shall be mailed to each Active Mem- 
ber and Fellow at least one week before the Annual Meeting. But any 
Active Member or Fellow entitled to vote shall be entitled to prepare and 
vote another ticket. 

Chapter V 
DUES 

1. Dues. The annual dues of Active Members and Fellows shall be 
$10, payable in advance at the time of the Annual Meeting; but new 
members elected after May 1, shall pay $5 for the remainder of the fiscal 
year. 

The annual dues of Section Members shall be $2, payable in advance 
at the time of the Annual Meeting. 

Non-Resident Members shall be exempt from dues, so long as they shall 
relinquish the privileges of Active Membership. ( Vide Chapter X.) 

2 . Members in Arrears. If any Active Member or Fellow whose dues 
remain unpaid for more than one year, shall neglect or refuse to pay the 
same within three months after notification by the Treasurer, his name 
may be erased from the rolls by vote of the Council. TJpon payment of 
his arrears, however, such person may be restored to Active Membership 
or Fellowship by vote of the Council. 

3. Renewal of Membership . Any Active Member or Fellow who shall 
resign because of removal to a distance from the city of New York, or 
any Non-Rosident Member, may be restored by vote of the Council to 
Active Membership or Fellowship at any time upon application. 

Chapter VI 

PATRONS, DONORS AND LIFE MEMBERS 

1. Patrons. Any person contributing at one time $1,000 to the general 
funds of the Academy shall be a Patron and, on election by the Council, 
shall enjoy all the privileges of an Active Member. 

2. Donors. Any person contributing $50 or more annually to the 
general funds of the Academy shall be termed a Donor and, on election 
by the Council, shall enjoy all the privileges of an Active Member. 
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3. Life Members. Any Active Member or Fellow contributing at one 
time $100 to the general funds of the Academy shall be a Life Member 
and'ghall thereafter be exempt from annual dues ; and any Active Mem- 
ber or Fellow who has paid annual dues for twenty-five years or more 
may* upon his written request* be made a Life Member and be exempt 
from further payment of dues. 

Chapter VII 
SECTIONS 

1. Sections . Sections devoted to special branches of Science may be 
established or discontinued by the Academy on the recommendation of 
the Council. The present sections of the Academy are the Section of 
Biology* the Section of Geology and Mineralogy, the Section of Anthro- 
pology and the Section of Psychology. 

2. Organization. Each section of the Academy shall have a C Chairman 
and a Secretary, who shall have charge of the meetings of their Section. 
The regular election of the Secretary shall take place at the October or 
November meeting of the section and the Secretary-elect shall take office 
on the January first following. At the time of the election of ihc Secre- 
tary the section shall nominate a candidate for Vice-President of the 
Academy* who* on election as such* shall become Chairman of the section. 
Vacancies in these offices shall be filled pro-tempore by vote of the sec- 
tion; a chairman so elected being thereby nominated to the Council of 
the Academy for election as a Vice-President. 

3. Affiliation. Members of scientific societies affiliated with the 
Academy* and members of the Scientific Alliance* or men of science intro- 
duced by members of the Academy* may attend the meetings and present 
papers under the general regulations of the Academy. 

ClTAPTER VIII 
MEETINGS 

1. Business Meetings. Business meetings of the Academy shall be 
held on the first Monday of each month from October to May inclusive. 

2. Sectional Meetings. Sectional meetings shall be held on Monday 
evenings from October to May inclusive* and at such other times as the 
Council may determine. The sectional meeting shall follow the business 
meeting when both occur on the same evening. 

3. Annual Meeting. The Annual Meeting shall be held on the third 
Monday in December. 
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4 . Special Meetings . A special meeting may be called by the Council, 
provided one week’s notice be sont to each Active Member and Fellow, 
stating the object of such meeting. 

C II APT BE IX 

ORDER OF BUSINESS 

1. Business Meetings. Tlie following shall be the order of procedure 
at business meetings: 

1. Minutes of the previous business meeting. 

2. Report of the Council. 

3. Reports of Committees. 

4. Elections. 

5. Other business. 

2 . Sectional Meetings . The following shall be the order of procedure 
at sectional meetings : 

J. Minnies of the preceding mending of the section. 

2. Presentation and discussion of papers. 

3. Other scientific business. 

3. Annual Meetings. The following shall be the order of procedure 
at Annual Meetings: 

1. Annual reports of the Corresponding Secretary, Recording 

Secretary, Treasurer, Librarian, and Editor. 

2 . Election of Honorary Members, Corresponding Members, and 

Fellows. 

3. Election of officers for the ensuing year. 

1. Annual address of the retiring President. 

ClTAPTRU X 
PUBLICATIONS 

'. Publications . The established publications of the Academy shall 
be the A nnnis and the Memoirs. They shall be issued by the Editor 
under the supervision of the Committee on Publications. 

2 . Distribution . One copy of the established publications shall he 
sent to each Benefactor, Patron, Donor, Life Member, Active Member and 
Fellow. 

3. Publication Fund . Contributions may be received for the publica- 
tion fund, and the income thereof shall bo applied toward defraying tlie 
expenses of the scientific publications of the Academy. 
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Chapter XI 

GENERAL PROVISIONS 

1. Debts. No debts shall be incurred on behalf of the Academy, unless 
authorized by the Council. 

2. Bills. All bilk submitted to the Council must be certified as to 
correctness by the officers incurring them. 

3. Investments. Funds in hand, arising from the maturity of exist- 
ing investments or from surplus income, shall be invested by the Council 
in first mortgage loans or real estate or in approved negotiable securities 
recommended by the Finance Committee in joint action with the Treas- 
urer.. 

4. Permanent Fund. Contributions and fees received from Bene- 
factors, Donors and Life Members shall be credited to the Permanent 
Fund. 

5. Expulsion, etc. Any Member or Fellow may be censured, sus- 
pended or expelled for violation of the Constitution or By-Laws, or for 
any offence deemed sufficient, by a vote of three-fourths of the Members 
and three-fourths of the Fellows present at any business meeting, provided 
such action shall have been recommended by the Council at a previous 
business meeting, and also, that one month’s notice of such recommenda- 
tion and of the offence charged shall have been given the Member accused. 

6. Changes in By-Laws. No alteration shall be made in these By- 
Laws unless it shall have been submitted publicly in writing at a business 
meeting, shall have been entered on the Minutes with the names of the 
Members or Follows proposing it, and shall be adopted by two-thirds of 
the Members and Fellows present and \ oting at a subsequent business 
meeting. 
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MEMBERSHIP 

OP 

TUB NEW YORK ACADEMY OF SCIENCES 

HONORARY MEMBERS 
January 1, 1933 

Elected 

1912 Frank Dawson Adams, Montreal, Canada 

1889 Charles Eug&ne Barbois, Lille, France 
1901 Charles Vernon Boys, London, England 
1904 Waldemar Christofer Bbcjgger, Oslo, Norway 
1920 Geriiardt De Geer, Stockholm, Sweden 

1909 Karl Immanuel Eberhard Goebel, Munich, Germany 

1912 George EIxeby Hale, Mt. Wilson, California 
1909 Antoine Francois Alfred Lacroix, Paris, France 

1898 Friedrich Carl Albrecht Penck, Berlin, Germany 
1911 Edward Bagnall Poulton, Oxford, Ehgiand 

1913 David Prain, Kew, England 

1890 Joseph John Thomson, Cambridge, England 
1904 Hugo de Vries, Amsterdam, Holland 

CORRESPONDING MEMBERS 
January 1, 1933 

1891 JosG G. Aguilera, Mexico City, Mexico 

1897 Herbert Bolton, Bristol, England 

1899 George Albert Boulenger, London, England 
1894 Bohuslav Brauner, Prague, Czechoslovakia 
1H79 Thomas Nelson Dale, Pittsfield, Massachusetts 
1885 Edward Salisbury Dana, New Haven, Connecticut 

1898 Wiiuam Morris Davis, Cambridge, Massachusetts 

1894 Ruthven Deane, Chicago, Illinois 
1870 Henry Wood Elliott, Lakewood, Ohio 

1880 John Barnwei-l Euliott, Tulane University, Louisiana 
1809 Francjh Ernest Engelhardt, Syracuse, New York 
1879 Herman LeRoy Fairchild, Rochester, New York 

1900 William Henry Holmes, Washington, I). C. 

1899 Otto Max Johannes Jakel, Greifswald, Germany 
1870 John Williams Langley, Cleveland, Ohio 

1891 Charles Riborg Mann, Washington, D, C. 

1874 Clinton Hart Merblam, Washington, D. C. 

1870 William Gilbert Mixter, New Haven, Connecticut 

1895 Conway Lloyd Morgan, Bristol, England 
1897 Francis Child Nicholas, New York, New York 

1900 George Howard Parker, Cambridge, Massachusetts 
1NN0 William Linpknard Robb, Troy, New York 
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1899 Max Schlosseb, Munich, Germany 

1898 William Berryman Scott, Princeton, New Jersey 
187G Andrew Sherwood, Portland, Oregon 

1893 Charles Henry Smyihe, Princeton, New Jersey 
1893 James Park Thomson, Brisbane, Queensland, Australia 
1876 Leonard Waldo, New York, New York 

1899 Arthur Smith Woodward, London, England 
1876 Harry Ori cy Yarrow, Washington, L>. C. 

ACTIVE MEMBERS 
January 1, 1933 

Fellowship is indicated by an asterisk ( M betore tlie name 


BENEFACTOR 

Britton, Prof. N. Ij , Pli.D., LL D. 

PATRONS 
Gould, Edwin 

•Grinnell, George Bird, Pli 1) 
Roebling, John A. 

Shepard, Mis. Finley J. 

LIFE MEMBERS 

••Allis, Edward Phelps, Jr., Ph.D. 
Anderson, A. A. 

Anderson, John B. 

►Andrew's, Roy Chapman, Sc T>. 
♦Anthony, H. E. 

Anthony, R. A. 

Armour, Allison V. 

1 Armstrong, Clairol to 1**, I Mi I). 
Armstrong, S. T., M.D 
Auchincloss, Hugh I>. 

Bailey, James M. 

Baldwin, William M. 

‘Barnhart, John H., M 1> 

Billings, Elizabeth 
•Bird, Henry 

•Bliss, Prof Charles B , Ph.D. 
Blumenthal, George 
•Boas, Prof. Franz, Ph D. 

Bourn, W. B. 

•Byrnes, Esther F. 

•Cattell. Prof. J McKeen, Ph.D., Sc.D., 
LL D. 


►Chapman, Frank M., Sc.D. 

Chaves, JosG E. 

Clark, F Ambrose 
Cochran, Henry J. 

Constant, S. Victor 
•Crumpton, Prof. Henry K., Ph.I). 
'Davis, William T. 

De Rubio, Lt. Col. H. A. C. 

Devereux, Walter B. 

’Dodge, Prof. Richard E. 
t Dunn, Gano 

Dunscombe, George Elsworth 
Frank, airs Lawrence 
1 Frick, Childs 

'Grabau, Prof Amadeus W., Ph.D. 
►Gregory, Prof. William K„ Ph.D. 
Griswold, F. Gray 
Halls, William, Jr. 

I Ear rail, Charles J. 

•inidburgh, Walter L., Ph.D. 
•‘Ilolliok, Arthur, Ph.D. 

*nowe, Marshall A. Howe, Ph.D., 
Sc.D. 

'Hubbard, Bela, Ph.D. 

"Huntington, Archer M. 

Hyde, B. Talbot B. 
nyde, E. Francis 
Hyde, Frederick E., M.D. 
nyde, James H. 
lies, George 
Janney, Reynold 
Jarvie, James N. 

Johnston, J. Herbert 
Kleinberger, Francois 
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Lawton, James M. 

•Lieb, Charles 0., M.D. 

Loeb, James 
McLean, Mrs. James M 
Malheson, William J. 

Miller, George N., M.D 
1 Miner, Roy Waldo, PhD., Sc I) 
Morgan, J. P. 

* Nelson, N. C. 

Not man, Mrs. Katharine II 
-Ogilvio, Trof. Ida IT., Ph 1) 

< Osborn, Prof. Henry Fairfield, Sc.l)., 
LL.D. 

Osborn, Mrs. William U 
•Osbiirn, Raymond 0., Ph.I). 

Owen, Juliette A 
"Pollcw, Prof. Charles E , Ph.D. 
Perkins, William II. 

Post, Abram S. 

* Prince, Prof. John T)., Ph.I). 

Pupin, Prof. Michael ldvorsky, Ph !>., 

Sc.D., LL.D. 

Roger, John 

♦Rushy, Prof. Henry II , M.D. 

Ryle, Arthur 
4 Shapiro, Pforry L., Ph.D. 

' Sherwood, George IT., D.Ed. 

Sloan, Benson Bennett 
Sperling, Emile M. 

* Stefa nsson, Villi jal nmr 
Vanderbilt, F. W. 

Ward, Charles Willis 

♦Wilson, Prof. Edmund B., Ph.D., 
LLD 

Wilson, Prof. Margaret B„ M.D. 

" Wood, Francis Carter, M.D. 

* Woodhull, Pror. John F, Ph.D. 

ACTIVE MEMBERS 

’•Agar, William, Ph.D. 

Ahlstrom, O. F. 

♦Allen, Frederick I. 

Allen, Mary 
Allen, Roy M. 

♦Ames, Oakes 
Andrus, Ruth, Ph.I). 

♦Ashby, George E. 

♦AsRmuth, Rev. Joseph, Ph I). 


Atkins, Charles D. 

Babcock, Ilarriet S. B , Ph.D. 

Bain, Prof George W. 

Barron, George D. 

Barton, Otis 
'Beebe, William 
Bogriscli, Frank, Jr. 

Ilelirend, OttoF, Ph.l> 

Boiler, William F. 

Bellman, Mrs. W. E 
Borggren, E. R. T 
> Berkey, Prof Charles P , Ph E). 
Bernard, Pierre A. 

Blair, W. Reid, D.V.S. 

Blumentlial, Hugo 
'Bowman, Isaiah, Ph.I). 

Boyd, James 

1 Brower, Trof. George E., M.D , LL D , 
Sc.D. 

'Brill, A A , M D. 

Brinsmndo, Charles L. 

Brokaw, George T. 

1 Brooks, Harlow, M D. 

Brooks, Mrs. Harlow 
" Brown, Samuel A., M.D. 

♦Browne, Prof William Ward, Ph.D 
* Bui Iowa, Jesse G. M., M.D. 

Burden, William Douglas 
•'Burr, Emily Thorp, rh.D 
'Bush, Wendell T. 

"Butler, Prof. Bertram T., Ph.D, 
liters, Morton Lewis 
Byrne, James 
Caldwell, E. T. 

Callaghan, Eugene, Ph.D 
Caiman, TTenry L 
Carhart, Grace M 
Carlehnch, Walter M. 

Casa oof, Christo 
"Cat toll. Ware 
Chisholm, David B. 

"Churchman, John W., M.D. 

Clark, E. Mabel 
Clnyburgli, A. 

"Cohn, Alfred E., M.D. 

"Cole, Rufus, M.D. 

"Colony, Prof. R. J., Ph.D. 

♦Coombs, Helen C, Ph.D. 

♦Coryell, Horace N., Ph.D. 
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Cox, Benjamin B. 

Coykendall, Frederick 
Crowley, Mark T. 

♦Curtis, Carlton C., Ph.D. 
♦Dahlgren, B. E., M.D. 

Darby, Hugh H. 

""Darlington, Thomas, M.D. 
Darnell, William 
Davidson, Helen P., Ph.D. 
Davies, J. Clarence 
* Dawson, Prof. Alden B., Ph.D. 
♦De Golyer, Everette Leo, Sc.D. 
Dickerson, Edward N. 

♦Ditmars, Raymond L 
Doherty, Henry L. 

Doscher, Henry 
♦Drummond, Isaac W., M.D. 
♦Dunning, William Bailej, D.D.S. 
♦Eccles, R. G., M.D. 

♦Eddy, Walter II., Th.D. 

‘■Elwyn, Adolph, Ph.D. 
♦Engelhardt, George P. 

Eno, William Phelps 
’"Eppley, Marion 
♦Falk, K. George, Ph.D. 

Ferris, Henry C. 

Field, W. B. Osgood 
♦Finlay, Prof. George I., Ph.D. 
•‘Fisliberg, Maurice, M.D. 

♦Fisher, G. Clyde, Ph.D. 

4 Flinn, Prof. Frederick B. f Ph.D. 
♦Fox, Prof. William, Ph.D 
“Franken, S. W. A., D.D.S. 

‘Free, E. E., Ph.D. 

••Fry, Henry J„ Ph.D. 

♦Gager, C. Stuart, Ph I>. 

Gallatin, Albert 
♦Galloway, J. J., Ph I). 

♦Garrett, Henry E, Ph.D. 

Garvan, Francis P. 

Gianella, Vincent P. 

♦Going, Charles B. 

♦Graham, Prof. Margaret A. 
♦Grant, Madison 
♦Graves, Arthur H., Ph.D 
Greenfield. Arthur D. 

Greenstein, Harry 
♦Green wald. Tsidor, Ph.D. 
♦Gregory, Prof. Louise H, Ph.D 


♦Griscom, Ludlow 
*Gudger, E. W., Ph.D. 

Guggenheim, Hon. Simon 
Guggenheim, William 
♦Hagelstein, Robert 
♦Halsey, Robert H., M.D. 

♦Halter, C. Robert 
♦Harnly, Morris II., Ph.D. 

♦Harper, Prof. R. A., Ph.D. 
Hartman, Leroy L. 

♦Hay, Clarence L. 

♦Hayes, Mary H. S., Ph.I ). 

Hazen, G. H. 

Heller, Samuel 
♦Heilman, Milo, D.D.S. 

♦Hering, Trof. Daniel W., Ph.D. 
♦Hess, Alfred F., M.D. 

Hewlett, Walter J. 

Hinck, C. F., Jr. 

Hirsch, Charles S. 

Hirschfeld, Isador, D.D.S. 
♦Hitchcock, Miss F. R. M., Ph.D. 
♦Hodge, Frederick W. 

Hoffman, Samuel V. 

Holbein, William G. 

Howald, Ferdinand 
Hubbert, M. King 
Hunt, Charles Jack, M.D. 
“Hussakot Louis, Ph.D. 

♦Jenkins, Thomas N„ Ph.D. 
Johnson, A. Leroy, D.D.S. 
♦Johnson, Prof. Douglas W., Ph.D. 
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INTRODUCTION 

It is well known that the males of many species of lizards are more 
brightly colored than the females and some arc equipped with gaudily 
tinted dewlaps, dorsal crests or other structures which, as Cope (1900) 
conservatively remarks, “are probably visible to the females at the time 
of copulation. . . .” In view of the many studies dealing with the 

courtship of birds, it is surprising that the significance of these sexual 
differences in the courtship of lizards has not received further attention. 

DIVERGENT INTERPRETATIONS OF TI£E SIGNIFICANCE OF BRIGHT COLORS 

IN THE MALE 

Some reference to the mating behavior of lizards is scattered through 
the herpetological literature but few of the observers have attempted to 
correlate their observations or interpretations with the work of others. 
At. the present time there is no generally accepted conclusion as to the 
Junction of the adornments of male lizards. 

It is sometimes assumed that the bright colors of the male lizards 
serve to stimulate the female. I Vera ft (191-1), in his general work on 
the courtship of animals, notes: “It is among the most vividly colored 
males that most animated displays take place when the endeavor is being 
made to excite the amorous instincts of the females.” On the other 
hand, Mertens (1926) suggested that the brilliant dewlap of the male 
Anal is might serve as a mechanism for attracting females to their own 
species. Since each species of Anolis in certain regions usually lias a 
distinctively colored dewlap, Mertens argued that the color would aid the 
female in recognizing males of her own species. Strecker (1928) ae- 
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cepted this conclusion, which had also been expressed by other naturalists, 
and added that in his own experience females were ^several times ob- 
served to approach males while they were making their display.” Mer- 
tens (op. cit.), however, noted that the male often spreads his throat 
sac when another lizard is in the vicinity, and added (translation) : 
“One gets the impression that Anolis wishes to frighten his neighbor.” 
Any approach of the female Anolis which he or Strecker may have ob- 
served might also be accounted for in other ways. Mertens (op. cit.) 
remarks that the possession of such a brightly colored throat sac may 
work for the ruination of its possessor, since lizards of other species may 
snap at it, mistaking the sac for an insect. 

Still another interpretation as to the significance of bright colors in 
male lizards has been given by Kose (1929) in describing the south African 
Agama atra. In regard to the male he states: “Certainly his brilliant 
blue head and light vertebral stripe were calculated to attract the atten- 
tion of any hovering hawk from his stone-colored better half.” This 
conclusion is apparently based on his earlier observations (Rose, 1926), 
which seemed to show that the male may remain near at hand during the 
nesting procedure and, since he is more brilliantly colored than the 
female, would tend to direct attention to himself and away from her. 

It is possible that the bright colors or other secondary sexual charac- 
ters may have several functions but there are at present in literature very 
few recorded observations which show conclusively that they have any 
function at all. For example, Sitana , which Pycraft (op. cit.) consid- 
ered an extreme case of sexual dichromatism, has recently been studied 
in the field by Gnanamuthu (1930), who noted that, when the males 
were displaying, no females were visible. Similarly Barbour (1926) 
has failed to see any sexual function in the dewlap display of Anolis. 
Another naturalist with years of field experience to his credit has bitterly 
denounced the sexual selection theory as applied to lizards. lie states 
(Wall, 1922) in regard to Charasia dorsalis: 

The brilliancy of colour appears to be a demonstration of excitement, and, ns 
in many other lizards, is only exhibited by the male. Some naturalists would 
have us believe that, as in the case of brilliant plumage in birds, it lias been 
evolved by natural selection, the female selecting the male as her mate who 
has the most brilliant display at his command. This beautiful theory is on a 
par with a great many other theories elaborated with great ingenuity by mod- 
em naturalists. It is pure nonsense in the case of lizards, and if so in lizards, 
why not in birds? The fact is that with lizards the females make no choice. 
I have witnessed on many occasions the act of mating among many lizards, 
especially those of the genus Calotes , many of which display very brilliant 
colours. The male with flaming head (in the case of C. versicolor) on sighting 
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u female rushes upon her. She scuttles away as fast as she knows how, but 
is overtaken, overpowered and ravished in the most flagrantly brutal fashion. 
In such circumstances, how can the flaming head be claimed as a lure or charm? 
On the contrary, past experience must make this a warning colour to the 
female, and obviously does, because she flees precipitately before it. 

TIIE SCOPE OF TIIE PRESENT STUDY 

In view of this lack of agreement as to the function of e\en the most 
striking sexual differences of lizards, it seemed to us highly important to 
examine the courtship of a series of species including both forms with 
a marked sexual dichromatism and forms without. 

As noted in a preliminary report (Noble and Teale, 1930) this study 
has led us to some unique conclusions. In the present paper we intend 
to report in greater detail the evidence on which these conclusions are 
based. 


THE MATING BEHAVIOR OF LIZARDS 
Teiid.e 

AME1VA CJIRYSOLAEMA UNDER LABORATORY CONTROL 

The first species which we studied under laboratory control was the 
active teiid lizard, Ameiva ch ryxolaema. Large numbers of this species 
were sent to us from Monte Cristy, kSanto Domingo. A series of healthy 
individuals was under our observation from February 1929 to August 
1932. These specimens were received in several lots between these dates 
but we have kept some individuals more than two years in good condition. 
Most of the lizards were maintained in glass-sided, screen-topped cages, 
(>2.f> cm. long, 40 cm. wide, and 47.5 cm. high (Fig. 1A). Several in- 
dividuals of both sexes were always placed together in a single cage. The 
lizards were fed a wide variety ot food but the diet which pro\ed to be 
the most satisfactory was a mixture of certain proportions o£ raw chopped 
meat, raw eggs, ground puppy biscuit, yeast, cornstarch and cod-liver 
oil. This mixture was given them twice a week. Once a week they re- 
ceived canned tomatoes with cod-liver oil, and several times a week a few 
meal worms {Tcnobvio) or wax worms ( Galleria ) were thrown into each 
cage. They decidedly preferred the meat mixture. 

Ameiva chrysolaema proved to be a good species for our first observa- 
tions since it exhibits very little sexual difference in color. The males 
usually have a large black spot on the chest, the females a smaller spot 
of the same color. The spot may be reduced in either sex and it may be 
entirely absent. The larger individuals tend to have a disproportionately 
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Figure 1. — A. — Observation eas;ps employed in this study. The screen tops permit 
the effective u^e of the ultra-violet lamp (left). The bark was made available only to 
the arboreal species. 

B. — The matins* posture of Eumecei faiciarits represents the most generalized type 
found in lizards. The male (above) holds the skin of the female’s neck tightly in his 
Ja* b. 
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larger chest spot. Some individuals may have a bright salmon wash 
on the "ventral surfaces but this does not appear to be correlated with 
sex. We identified sox by an examination of the cloaeas. If there was 
any doubt, the henuponis was partly everted. All breeding males had 
the femoral organs hypertrophied, the secretion often projecting more 
than a millimeter beyond the orifice of each gland. In the breeding 
females the femoral organs are much smaller and the secretion does not 
protrude. Hence, breeding males may he recognized at a glance by the 
presence of this series of “combs” along the ventral surfaces of the thighs. 

MATINGS Ob' AMIS EVA (UIItYSOLAEMA 

Ameiva chrysolite ma lives in semi-arid regions in the tropical low- 
lands of Hispaniola. It is interesting that, although the laboratory tem- 
peratures fluctuated considerably, our lizards mated in every month of 
the year except September. Fifty-five copulations were recorded during 
the period of observation but, in addition, there were many courtships and 
inoompleted matings. This extensive series of observations has shown 
conclusively that Ameiva chrysolaema has a complex mating perform- 
ance, which it endea\ors to follow even under difficult circumstances. 
Deviations from the procedure are due to interference, immaturity or 
other factors which may be readily recognized. 

The Initial Phase of the Courtship 

Sexual activity is always initiated by the male. He begins to rub his 
cloacal region from side to side on the ground. He repeats this per- 
formance at intervals of from a few seconds to a minute and may con- 
tinue the action for two or three minutes. The rubbing movement is 
rather slow compared to the alert lizard's usual quick, bird-like move- 
ments of locomotion. This initial phase of courtship has been recorded 
thirty-two times and probably occurred at every mating, but passed \m- 
uoticed by the observer in the laboratory. Every time that this activity 
was observed, it was followed by an attempt at copulation within the next 
few minutes. The male goes through his preliminary performance ap- 
parently without having seen the females in the cage with him, his eyes 
often being (dosed and his back turned to them. In no case was there 
the slightest evidence that a female stimulated the male to begin this 
performance. 

The Second Phase of the Courtship 

In the second phase of the courtship, the male seeks a mate. He may 
follow either a male or a female of his own species about the cage and 
he may rapidly transfer his attention from one sex to the other. He 
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Figure 2. — The mating behavior of Ameiva (Jirjtsolaema. 

A. — The male walks above the female while poking her neck with his snout. 

B. — When the female becomes quiet, the male slips to one side, arches his body over hers 

and bites her flank of the opposite aide. 

C. — The base of the male’s tail Is brought under that of the female and their cloacas 

come in contact. 

D. — In some cases the male may support his weight with one hind foot but more fre- 

quently the legs are flexed as in 0. 
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takes a position directly over the back of his unwilling partner and walks 
or runs along with his belly lying along his partner’s back. The rate 
of movement depends upon the activity of the partner. If the partner 
is unusually passive, the courting male does not have to dash about the 
cage but may lie quietly upon the other lizard’s back for a few seconds. 
If the partner is very active in trying to avoid him, he quickly becomes 
more active luniself and slips immediately into the next phase of the 
courtship. 

The Third Phase of the Courtship 

This phase consists of poking the back of his partner’s neck with short, 
quick, but firm nudges of his snout, or nipping the skin in that region. 
Rarely it consists in both poking and nipping. One or the other action 



ViGuitH 3. — The femoral organs of the male t Metro rfirysolaema hypertrophy to form 
a comb which is present in some adult Individuals throughout most of the year. The 
right thigh of a breeding male is viewed above from the ventral aspect. 

was recorded in fifty-six cases, but it no doubt occurred in all. The 
records show that this performance invariably occurs in the same place 
in the sequence of events ; that is, after the male has mounted the female 
and just before the events about to be described. 

While the neck poking is in progress the cloaca of the courting male 
gradually swells until the cloacal lips are spread slightly apart. With 
the swelling of the cloaca the male becomes extremely active, every move- 
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ment of the limbs and body being accentuated. But a moment later 
he hesitates as if to give up the neck poking and at the same moment 
to bring his cloaca near that of his partner. To do this, he drops his 
pelvic region to one side of his partner and stands on the hind and front 
feet of one side only. He keeps his other legs pressed against his part- 
ner’s opposite side and rubs that side vigorously with his hind leg while 
pressing the upper inner portion of this leg against the skin of her flank 
just anterior to her thigh (Fig. 2). As already indicated, this part of 
the thigh is covered with a series of hypertrophied femoral organs (Fig. 
3). Hnlike the preliminary cloacal movements, this behavior cannot he 
directed towards self-stimulation because the femoral organs are not sen- 
sory but glandular in character. Moreover the rubbing is definitely di- 
rected toward quieting the partner. The courting male’s hind foot often 
comes back against or on his partner’s leg. Hence the male pushes with 
his foot while rubbing with his thigh. This action continues for at least 
three or four seconds. Since the partner usually makes a desperate effort 
to escape the courting male, the leg rubbing is often repeated several times 
and kept up until the male finds that his partner is quiet. This may re- 
quire three or four minutes of desperate rubbing by the courting male. 
During the rubbing the male extends his tail under that of his partner 
from the side adjacent to his body to the side which he is rubbing (Fig. 2 ) . 

Copulation 

Suddenly the male stops rubbing, arches his body in a semicircle over 
his partner’s body and bites firmly the inguinal region of his partner at 
approximately the point he was rubbing. At the same moment he pushes 
his cloaca up to his partner’s and inserts the hemipenis of the side ad- 
jacent to his mate. The male may approach either the right or left side 
of his partner but he invariably everts only the hemipenis on ihe ad- 
jacent side. 

SUCCESSFUL AND UNSUCCESSFUL MATINGS 

III every case where copulation was attempted the flank bite was also 
attempted. If the chosen mate breaks away in the time between the 
cessation of rubbing and the taking of the flank bite, the mating is “un- 
successful” in our records. That is, the hemipenis is not inserted. How- 
ever, when the male has gone so far as to attempt a flank bite, his hemi- 
penis is everted, whether into his partner’s cloaca or not. Besides the 
flftv-five successful matings of *4. chrysolaema , twelve unsuccessful ones 
were recorded, and these are distinct from incomplete courtships. Of 
the fifty-five matmgs only three are recorded as continuing more than a 
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minute, the rest of them lasting but a few seconds. During copulation 
the courting male is quiet while the partner, whether male or female, 
often struggles to gain freedom. Females ne\er show any interest in 
the courtship or copulation and, while they may be quieted by the rubbing 
and the subsequent inguinal bite of the courting male, they never take 
an active part in facilitating copulation. 

During a successful mating, the hemipenis is usually not seen by an 
observer, for, at the moment it is inserted, the cloacas of the pair are 
already pressed together and it is usually retracted before the male releases 
the female. Immediately after retraction the male’s cloaca is red and 
swollen, and is dragged on the ground while the tail is held a little arched 
until this swelling has subsided. During an unsuccessful mating the 
hemipenis is seen, for, once it is everted, it is not immediately retracted. 
If the mate has escaped at the moment of the inguinal bite, the hemi- 
penis is e\erted in space and may be noted as the animal stands quietly 
until it is retracted a few seconds later. Whether or not the male has 
been successful in actually copulating, this everting and retracting of the 
hemipenis seems to satisfy the requirements of the performance, for no 
further attempt to copulate is made immediately. 

The length of time occupied by the entire procedure, both courtship 
and mating, varies with the vigor with which the female avoids the male. 
Twelve successful courtships were recorded to have taken from one to 
five minutes each. Six successful ones took from fix e to forty minutes. 
Most long courtships result in no attempt at mating or in an unsuccessful 
attempt. 


mfKBCT OP TKMPKRATUttE ON COURTSHIPS 

Temperature plays an important part in courtships. A certain degree 
of warmth is necessary to provoke activity of any sort among lizards and 
tin’s degree must lie held for a few hours in order that the animals may 
become sufficiently lively to include mating in their activities. Thirty- 
nine courtships or matings of .1. ehnjsohinna are reported to ha\o taken 
place at an average temperature of 79.(>° F., (maximum 90°, minimum 
73°). The temperature readings are those of the room and not of the 
lizards. Some of the lowest temperatures at which matings occurred 
were recorded at a time when the lizards were being irradiated with 
ultraviolet. The actual temperature of the lizards under these condi- 
tions was doubtless higher than that of the room. A sudden change from 
cold to warm weather frequently induced courting. Also a long ultra- 
violet ray treatment often initiated it. 
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THE SEXES NOT DISTINGUISHED BY THE COURTING MALE 

It is evident from our records that a courting male, A . chrysolaema, 
does not distinguish between males and females. He courts any lizard 
of his own species and mates with either a male or a female. There 
are thirty-three records of males courting both males and females 1 before 
copulating. While males usually mate with the females, they very often 
court and copulate with males. The reason for their mating more often 
with females seems to be that a full grown female is a trifle smaller than 
a full grown male and is a more convenient size for him to overpower. 
Furthermore, she is less muscular and is presumably easier to subdue. 
The males have larger heads than the females, the width of the head at 
the jowls being somewhat greater. Since neither sex uses his or her 
teeth in defense, this greater development of the jaws of the male is 
correlated with his inguinal bite during courtship and not with fighting 
behavior before mating. 

That correspondence of size does not play a role in mate selection is 
shown by the fact that a male when courting a male usually selects one 
smaller than himself. We have, however, eight records of small males 
mating with larger ones. No courting male can mate with an animal 
very much smaller than himself. 

On two occasions in April, 1930, one male copulated with another male 
and in doing so sufficiently aroused the second one so that he immediately 
turned and went through the complete mating performance, including 
copulation with the male who had just inserted the hemipenis into his 
cloaca. On another occasion, in July, 1930, a large and a small male 
were courting all other lizards in the cage as well as each other. Finally 
the small male copulated with the largo male. During the courting the 
small male was often poking and rubbing the large male while the latter 
was poking and rubbing a third lizard — the trio moving about the cage 
three deep ! Records such as these make it clear that courting males 
of Jr. chrysolaema do not follow females only but seek and attempt to 
copulate with any member of their species. 

We have extended our observations to another species of Ameiva and 
have obtained similar results. The Porto Rican A . ezsul was. employed 
for this study and three matings were recorded in our small series. The 
three copulations and five additional courtships occurred in February 
and April of 1932 at an average temperature of 76° F. (Maximum 78°, 
minimum 74° F.). The phases in the courtship and the act of copula- 
tion were the same as in A. chrysolaema > except that the male often 
attempted to hold the female by the neck skin, although neck poking 
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also occurred. Coition always lasted less than a minute. Although the 
three matings were by males with females, in every courtship recorded 
males courted both sexes indiscriminately. 

It was obvious in our study of the courtship of these two species of 
Ameiva that we were dealing with a complex behavior pattern which 
de\ eloped spontaneously in males and which was directed toward other 
individuals regardless of their sex. We obtained no evidence in our 
large series of observations that the attacked individual called forth the 
reaction by any specific behavior. The females exhibit no oestrous be- 
havior which stimulates the male. Not only do males mate with males 
but we have one record of a male copulating with a female proved by 
dissection to be sexually immature. This mating occurred on January 
29, 1932, the day after the male, a small one, had courted actively two 
other males, — one much larger than himself. 

Once the male had begun his courtship performance, we found it pos- 
sible to remove logs or other obstructions from the cage without delay- 
ing the unfolding of his usual courtship pattern. This was true for 
recently collected individuals as well as for those held in captivity several 
months. 

R VNGE OF VARIATION IN TIIE COURTSHIP OF AMEIVA CHRYSOLAEMA 

There is a certain range of variation in the courtship performance. 
We have selected from our records of A . chrysolaema a series of observa- 
tions which illustrates some of the more common deviations: — 

A Successful Mating of a Male of A . chrysolaema with a Female of 

that Species 

July 17, 1929, 3.45 p.m. Boom temperature 84° F. 

The first female the male courted was lively and resisted. The second 
female, a fat one, was passive and the male turned to her. He secured 
a position directly over her and lay for one or two minutes moving his 
cloacal region from side to side irregularly. Then he poked at her neck, 
and put his tail under hers, attempting to bring his cloaca near hers. 
After three attempts, during which he rubbed her with his leg on the 
region anterior to her hind leg, he took the inguinal bite and at the 
same time copulated for approximately six minutes. On leaving the 
female his hemipenis was visible, partly extended, for a second. He 
walked around with tail raised and cloaca dragging for a few seconds, 
and then went to sleep. 
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An Unsuccessful Mating of a Male of A. chrysolaema with Another Male 

of that Species 

May 28, 1930. Room temperature approximately 80° F. 

A young male A . chrysolaema , 105 mm. head and body length, courted 
several larger males and some females. His actions were more ineffec- 
tive than those of others that have mated, but the pattern was the same. 
He poked the neck, straddled the mate, rubbed with his leg any part of 
the mate with which it came in contact, often fumbled and poked the 
mate’s tail instead of the neck, with his snout and finally attempted 
copulation with a very large male. He bit him across the middle of 
the back instead of on the opposite flank, and so failed to insert the hemi- 
penis. Howe’s er, the hemipenis was fully everted for one or two seconds; 
and then was drawn in. The big male had escaped and this little one was 
left standing perfectly still with tail arched for six or seven seconds. 
Then the little male walked away, dragging his cloaca. All the nervous- 
ness that he had been showing before the last step of the pattern had left 
him. The complete performance had consumed about 10 minutes, 

.1 Successful Mating of a Male of A . chrysolaema with Another Male of 

that Species 

July 9, 1931. Room temperature 83° F. 

A male of A. chrysolaema was found courting another larger male, 
Heck poking, straddling, leg rubbing as usual. Finally the male put 
his tail under his mate’s tail, the flank bite was made and the cloacas were 
brought together. Almost immediately the mate rolled over and freed 
himself. It is certain that the small male’s hemipenis was in the cloaca 
of the other for a second. After being thrown off, the aggressive male 
stood with cloaca raised and hemipenis everted. After a few seconds lie 
dragged his cloaca and hind legs on the ground while moving about the 
cage for a minute or more. Then he raised one leg, everted the same hemi- 
penis and folded it in again immediately, and walked quickly and 
nervously about the cage for a few minutes more, paying no attention to 
any other lizard. 

An Unusual Mating of a Male of A . e.isul with a Female of that Species 

February 16, 1932, 4.20 p.m. Room temperature F. 

Courtship lasted ten minutes, and coitus forty-five seconds. The male 
bit the female’s neck skin a great deal and held it most of the time. The 
male was very small and the female quite large. At intervals he poked 
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her neck. There was some leg rubbing ihis time. He held her neck 
until she lay quiet enough for him to insert his hemipenis. At the 
moment of penetration he turned his body and bit her squarely across 
the back. The unusual position for the copulatory bite seemed to be 
due to the comparatively small size of the male. 

SUMMARY OF OBSERVATIONS ON AMEIVA 

To summarize our observations on Ameiva, we may repeat that the male 
spontaneously develops a sexual activity, which is directed toward any 
individual of his own species regardless of sex but withm a certain size 
range. The male attempts to quiet the lizard attacked first by neck 
poking or biting, then by a scratching of the back or sides with his femoral 
organs. If the attacked individual slackens its pace, the courting male 
immediately attempts an inguinal bite while liis tail is swung under his 
partner's tail and their cloacas are brought in contact. 

It seemed to us that any behavior as complex as this must have evolved 
from a simpler pattern. Since in other groups of vertebrates sucli as 
the salamanders (Noble, 1931) a single type of courtship has been found 
to characterize certain natural groups of genera, it seemed to us that the 
same might prove to be true for lizards. In order to test this hypothesis, 
we selected for comparison with the above species another teiid lizard 
which was easily obtainable but one which showed a marked sexual dif- 
ference in color. This species was C mmidophorus sexlineatus . 

CNEMIDOPHORUS SEXLINEATUS 

The adult males of Omm idophorus which we have had in this laboratory 
had their ventral surfaces tinged with blue, frequently of a very bril- 
liant hue. All adult females which we have seen alive lacked this 
tinge and were usually white or gray below. Although this sexual dif- 
ference has been previously noted by others, Burt (1931) considers it 
merely a case of individual variation. This opinion is based primarily 
on preserved material. I 11 formalin fixed material the blue tone is 
usually discolored. From the evidence at hand we assume that the blue 
tone characterizes all adult males of C. sexlinealm during the breeding 
season and serves as a ready means of distinguishing males* from females. 

The male 0 . sexlinealus is one of the most beautiful lizards employed 
by ns in these studies. If brilliant colors actually stimulate female lizards 
to mate, it seemed probable that this species would afford some evidence 
of it. We witnessed sixteen successful matings in the series of C. sex - 
lineatus, which were sent to the laboratory from Mississippi and Georgia. 
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We also recorded seven unsuccessful attempts at copulation and twelve 
courtships which were interrupted or discontinued before copulation oc- 
curred. To our surprise we found the courtship and copulation behavior 
of C. sealineatus essentially the same as that of Ameiva. The same phases 
in the performance are passed through and in the same order. 

COURTSHIP AND MATING OP CNEMIDOPIIORUS SEXLINEATUS 

In the mating performance of (7. sexlineatus the male first rubs his 
pelvis on the ground from side to side. During this first phase of the 
courtship he may continue the rubbing while running about in a small 
figure eight. Often this is all that happens, but this performance may 
precede courtship and is definitely a sign of sexual activity in the male. 
Like the male of Ameiva he then chases other lizards, male and female, 
and bites or pokes their necks. Cnemidophorus is equipped with femoral 
organs nearly as well developed as those of Ameiva > and the same kind 
of leg rubbing is employed by the male. After the male has assumed 
the dorsal position he may continue moving his cloaca from side to side 
on the female’s back. He puts his tail under that of the female in order 
to bring their cloacas together. Copulation takes place simultaneously 
with the flank bite. The male assumes an arched position across his 
partner’s back exactly as in Ameiva (Fig. 4). 

Coitus lasts much longer in this genus than in Ameiva . While with 
the latter it rarely lasts more than a minute, with Cnemidophorus it is 
usually “unsuccessful” if it does not last several minutes. After being 
in coitus a few seconds, or rarely after one or two minutes, the male 
often begins forward thrusts of the pelvic region, forcing forward the 
inserted hemipenis convulsively. The thrusts are usually at the rate 
of about two a second. This may keep up for minutes. The female 
0 . sexlineatus usually does not struggle once the flank bite has been taken 
by the male. 

The coition of successful matings lasts from five to fifteen minutes 
although two cases of thirty and forty seconds respectively seemed suc- 
cessful. A shorter coition than this is unsuccessful due to the escape 
of the female and, even though the hemipenis has for a moment been 
in the cloaca of the female, it usually remains everted a few minutes, 
the male retaining his arched position and going through the usual con- 
vulsive movements in mid-air. Matings occurred at an average tempera- 
ture of 82.2° F. (maximum 89°, minimum 77°), and four of them im- 
mediately followed ultra-violet treatment. 

As with Ameiva, courting males make no discrimination between the 
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Figure 4. — The mating behavior of Gnemidophorvs sexlineatua is essentially the same 

as that of Ameiva. 

■A.. — The male not only pokes but frequently bites the neck of the female. 

B. — The male attempts to secure the flank bite while bringing his cloaca forward. 

C. — The flank grip is usually maintained for a much longer period in OnemiSophorus 

than in Ameiva. 
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sexes. There are eight recorded matings or attempted matings of males 
with males, and seven with females. The other six records are incom- 
plete in regard to this detail. 

The courtship and mating of Cnemidophorus proceed, as shown above, 
almost exactly as in Ameiva, in spite of the fact that in A. clmjsolaemu 
there is no constant sexual difference in color while in 0 . seaiineatw s* the 
brilliant blue undersurfaces must be partly visible to the female during 
these acts. 

CORRELATION BETWEEN DISPLAY AND FIGIIT REACTION 

The brilliant livery of the male of G . sexlineaUis obviously plays no 
rdle in the mating behavior. The bright tones seem to have other func- 
tions and, while our observations are not sufficiently numerous to estab- 
lish this fact for Cnemidophorus, the evidence available may be presented 
here. The male C. sexlineatus equipped with his bright colors differs 
remarkably from Ameiva in that he fights. Evidence will be presented 
below to show that color displays form a very essential part in the light- 
ing behavior of many lizards. In C . sexlineatus the fighting is not fre- 
quent. However, the male rises high on his legs to show off his bright 
colors at that time. In brief, while no correlation exists between court- 
ship and display, a very definite relation is found between fight and dis- 
play. Two of our records will serve to illustrate this fact. 

Aggressive Behavior of a Male of C. sexlineatus 

October 20, 1931, 2 p.m. Room temperature 80° F. 

A healthy male 0 . sexlineatus chased other lizards of the same species 
in his cage and bit them savagely across the snout and about the neck, 
taking the whole head or neck into his jaws. Before biting lie rose 
high on his legs, showing his bright blue ventral surfaces, and with head 
lowered rushed at his opponents and gripped them. The attacked ani- 
mal always escaped by shaking himself loose or by rolling over and over, 
taking with him the fighting male until the grip was loosened and he 
could escape. This performance was not courtship, for it was much more 
\igorous than courtship, and a courted animal is grasped by the neck 
skin, not by the whole neck or snout. Also the attacking male never 
rubbed his cloaca on the ground and there was no neck-poking and no leg- 
rubbing. It was impossible, in the general scramble, to tell whether or 
not the male chased and bit only males or females as well as males. 
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The Combat of Two Males of C 1 . sexlineatus 

October 24, 15)31, during the morning treatment of ultra-violet. Room 
temperature approximately 80° F. 

Two males laced each other, with the middle of their backs raided and 
their heads lowered, tails quivering. They rushed at each other, each 
trying to bite the head of the other. One finally caught the other under 
one side of the neck and held on. The under male lay upside down with 
his eyes closed. After six minutes their breathing became slower and 
they separated, neither lizard having injured the other. 

These fights did not occur on days when there was also courtship. 
This may be taken as further evidence that the fighting response, so evi- 
dent in species to be discussed below, has no relation to the courting be- 
havior. 

ATTEMPT TO DETERMINE SENSE ORGANS ESSENTIAL TO COURTSHIP 

We have attempted by experimental methods to determine what sense 
organs are essential to the courtship performance. None of our attempts 
were successful because the elimination of any sense organ sufficiently 
disturbed the courting male to prevent a completion of the act. Blind- 
folding courting male Cnemidophoms, or placing strips of adhesive tape 
across the symphysis of the lower jaw, both prevented a continuation of 
the performance. Handling alone did not prevent the courtship from 
continuing shortly after the male was released. Although the male of 
C. sexlineatus is usually markedly more brilliant than the female, this 
fact does not appear to aid the courting male in sex recognition. Prob- 
ably vision is the most important sense in the courtship, but the ability of 
C . sexlineutus to distinguish between the sexes through vision apparently 
does not exist. This impression is based on our detailed observation of 
the series of courtships summarized above. 

In conclusion wo may quote one of our records : — 

.1 Typical Mating in Cncmidophorm scxlineatus 

November 10, 15)31, 12.05 p.m. Room temperature, approximately 
R3° F. 

A short ten-minute treatment of ultra-violet sexually stimulated a 
male. He courted various animals in the cage, both male and female; 
he also rubbed his cloaca on the gravel by moving his hips quickly from 
side to side as he wiggled through his figure eight. After riding the 
backs of various animals and occasionally nipping their neck region 
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(or, in his excitement, other regions of the body), he found a female 
which did not strenuously resist his courting. He rubbed his hind leg 
along her lower back and made an effort to place his tail under hers. 
He finally succeeded, and as their cloacas came together he bent his body 
in an inverted “u” and bit the female just anterior to the hind leg on 
the side opposite to that along which he lay. His jaws, wide open, took 
in half her body thickness. At the same time the hemipenis was in- 
serted. After this the female stopped moving. The male's respira- 
tion quickened. Copulation lasted five minutes. Finally the female 
began moving, dragging the male, in his arched posture, with her. Then 
she escaped and after a few seconds they each rubbed their cloacas on 
the ground. 

On an earlier occasion, in 1929, a male even before pursuing other in- 
dividuals had rubbed his cloaca on the gravel by moving his hips quickly 
from side to side as he ran back and forth in a figure eight. He then 
courted both males and females and eventually copulated with a female. 
From this it is evident that the male begins his sex activity without stimu- 
lation from the female. The preliminary activity of the male in question 
followed a ten-minute treatment with ultra-violet. 

Lacbrtid^e 

Ameiva and Cnemidophorus resemble superficially the Old World lizards 
of the genus Lacerta. The courtship of Lacerta has been more exten- 
sively studied than that of any other group of lizards. It is, therefore, 
interesting to compare the sexual behavior of these long-snouted lizards 
because, if body form has an influence on the courtship pattern, their 
mating performances should be very much alike. 

OOUBTSIIIP AND MATING OP LACERTA MURALIS 

One of the earliest accounts of the mating of Lacerta muralis is that 
of Gachet (1833), who correctly reports that the female, although in a 
breeding condition, does not yield to the male until she has been subdued 
by him. The male seizes the female in his jaws and is dragged about 
for a time until the cloacas are brought in contact. Gluckselig (1863), 
Collin de Plancy (1877) and Eollinat (1897) have added important de- 
tails to the picture. They show that the performance proceeds on a dif- 
ferent plan from the teiids described above. The male usually bites the 
female in the tail and, when she has become quiet, he lets go the tail 
and seizes the female in the flank immediately anterior to the hind limbs. 
Then he brings his body forward in a semicircle toward the female until 
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their cloacas are in contact. The male does not employ his femoral or- 
gans to quiet the female with rubbing movements and he does not arch 
his body over hers. Copulation is accomplished with the hemipenis on 
the side adjacent to that which he has bitten. There is nothing in these 
earlier accounts to justify the statement of Romanes (1883) that: 

The male, during the spring of the year, exhibits great attachment towards 
the female. Throwing aside his usual gentleness of character he defends her 
even with fury, attacking with undaunted courage every animal that seems 
inclined to injure her. . . . 

The mating performances of other species of LaceHa are essentially 
the same as that of L . muralis , indicating that there is a stereotyped per- 
formance in this genus which is closely adhered to by all the species so 
far as known. Gluekselig (1863) reports a male of L . muralis attempt- 
ing to mate with another male but no observers have described the males 
of any species of the genus selecting partners regardless of sex. One 
explanation for this may be that the observers may have assumed that a 
lizard which permitted the insertion of a hemipenis into its cloaca must 
be a female. Before we had definitely established that the male of 
Ameiva often submits to the passive rOle in copulation we, aho, had as- 
sumed such individuals to be females. 

THE MATING BEHAVIOIt OE LA CEUTA AG1L1S 

One phase in the courtship of Lacerta requires further consideration. 
Gliickselig (op. cit.) reported the female of Lacerta viridis and of L. 
muralis as responding to the approach of the male lizards with rapid 
movements of their forelimbs. In Lacerta agilis, which exhibits a marked 
sexual dimorphism of color, Klingelhoffer (1900) describes a similar 
movement as a drumming behavior intended to attract the attention of 
the males. Klingelhoffer also reports contractions of the body of the 
female for about 1 cm. before and behind the cloaca. These contrac- 
tions are rhythmical at the rate of approximately 150 a minute and they 
may extend part way down the tail. These contractions, Klingelhoffer 
reports, may be elicited by the sight of the male, and sometimes by touch- 
ing the female's back with a feather. He states that it is not unusual 
to see all the females lying in the sun and undergoing these cloacal con- 
tractions. Klingelhoffer also describes the females as dashing at the 
males and attempting to hold them with their jaws. Thirty-one years 
later Klingelhoffer (1931) has described this courtship again, introduc- 
ing very little change in his description. This account, if correct, would 
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indicate that the female of L. agilis experiences an incipient form of 
oestrus which induces her to attract the attention of the male. 

Mortensen (1887), on the other hand, describes the mating behavior 
of L. agilis as essentially like that of L . vivipnm, which he reports in 
great detail without reference to any aggresshe action on the part of the 
female. Moreover, he definitely states that only one hemi penis is in- 
serted at a time while Klingelh offer refers to the employment of the double 
penis by the male. Lmdholm (1902) also failed to observe any female 
courting in a subspecies of L. agilis but refers j;o the male as attacking 
the female and employing peculiar quivering motions with his forelimbs. 
Since Lindholm describes the inguinal bite and other details as occurring 
in the same manner as previously reported, he probably witnessed a nor- 
mal mating. 

Klingelhoffer’s original observation was based on only six pairs of L . 
agilis placed together in a terrarium. The chief criticism against Ivlingel- 
hoffer’s conclusion that the drumming is intended to attract the males 
may be taken from his own writing (1900). He once saw a young male 
carrying out the drumming movements on the approach of another male. 
Moreover, similar movements are frequently observed in small and pre- 
sumably immature lizards. No detailed account is given of the effective- 
ness of the drumming action in attracting the adult male. For the 
present, then, the question of whether or not the movements of the female 
really excite the male may be left to future study. 

TIIE BEHAVIOR OP LACERTA VIVIPARA 

Other variations in the courtship pattern of Lacerta have been reported 
in L. vivipam. In this species the female is larger than the male and it 
may be seized by the head (Mortensen, 1887 ). However, the male soon 
releases his grip and seizes her in the inguinal region. Tn copulation the 
male brings his cloaca forward as in other species of the genus. Other 
variations appear in the length of time that coitus requires in the dif- 
ferent species. 

THE FEMORYL ORGANS 

In no species of Lacerta have the males been observed to use their 
femoral organs as scratching mechanisms. Rollinat (1897) states that 
in L. muralis the femoral organs prevent the slipping of the thigh of the 
male on the smooth skin of the female at the moment he brings his cloaca 
forward in contact with that of his partner. Femoral organs are well 
developed in both Ameiva and Lacerta . In the former they function to 
quiet the female, and in the latter they are reported to aid the male in 
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bringing his cloaca into position. It lias been suggested that femoral 
organs e\olved from hypertrophied scales similar to those found in the 
male of tiphaerodadijlus (Noble and Klmgel, 1932). Unfortunately, 
the exact function of these scales in that genus has not yet been worked 
out. It is, therefore, impossible to state what might ha\e been the origi- 
nal function of the organs. 

COURTSHIP OF OTHER GENERA OF LACERTID.E 

It is probable that the courtship pattern of Laceda will be found in 
other genera of lacertids. Muller (1901) reports that copulation in 
Algiroides proceeds as in Laceda. Minobe (192?) reports Tachydromus 
tachydromoides, however, as courting more in the manner of the iguanidb 
to be described below. Both sexes exhibit rhythmical body movements 
before copulation. The male seizes the female’s neck in his jaws and 
apparently does not slip back to the inguinal position. The mating of 
the Asiatic Eremias intermedia has been observed at close hand ap- 
parently (Zugmaycr, 1909) and yet the male has not been described as 
biting any part of the female’s body. How far the mating behavior of 
Tachydromus and Eremias actually diverge from that of Lacerta will 
have to await a more complete study of the performance. 

DEFENSE OF TERRITORY 

One important difference between the mating behavior of Lacerta and 
that of the teiid genera discussed above is that the latter do not fight 
among themselves. At least we have never witnessed a fight between 
courting males while this seems to be the usual procedure in Lacerta. 

In Lacerta fighting between the » males has been recorded in several 
species and probably occurs in all. These fights do not always end in 
injury to the defeated male even in the powerful L. ocelhiia (Tofohr, 
1909). Gesticulating and bluffing appears to form a large part of the 
fight repertoire of all lizards. 

The fact that the male Atneiva does not fight, and Cnemidophoms only 
rarely during the breeding season may be one of the reasons that these two 
genera are gregarious or, at least, that large numbers are seen together 
in certain favorable places. Rollinat (1900) noted that the young of 
Lacerta viiidis form aggregations while the adults usually live in separate 
territories. He observed further that the adults live in particular terri- 
tories for a large part of the year. Adults of other species of Lacerta, 
it is said, also live in circumscribed territories for part of the year. Wiede- 
mann (1909) states that the adults of L. oxycephala leave their winter 
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quarters in April and settle in new territory, which is usually occupied 
the whole summer. If a lizard is captured in such a place and escapes, 
it will be found again close at hand. 

The male protects his domain from intruders. Bitter fighting ensues 
when the males meet. The fights are waged among the rocks, the con- 
quered dashes away, jumping cracks half a meter wide without hesitancy. 
Suddenly, the pursued may turn on his enemy and, in a second, both 
lizards are a single moving ball until the conquered one takes again to 
flight and disappears from the invaded territory. Then the victor re- 
turns to court the female that has indifferently watched the struggle. 

From the above summary of Wiedemann’s account it may be assumed 
that, once a male has selected a territory, he fights with any other male 
that chances to trespass on this ground while he courts any female. Sex 
discrimination is made rapidly and presumably by vision. The reactions 
toward a male are different from those toward a female. Hilzheimer 
(1910) has reported an observation he made of L . agilis in the field which 
lends support to this point of view. While walking along a country 
road in May he saw a female in the embrace of a male attacked by an- 
other male. Hilzheimer gives a very detailed account of the fight that 
ensued. The attacking male was larger than the male embracing the 
female. Nevertheless, the small male on the back left the female imme- 
diately, and the males chased each other in the grass and then ran again 
in the road. The female continued her journey toward the other side 
of the road. The large male, after defeating his rival, remained quiet 
for a while and then ran after the female. After he reached her, he 
walked a few paces along with her and bit the female suddenly once or 
twice in the tail about 1 cm. behind the legs but, when the female did not 
respond, he bit her body and neck. The female did not pay any attention 
and walked quietly on. Then he mounted on her back and was brushed 
off by her in the grass. The biting behavior and mounting were repeated 
several times. Meanwhile the small male, which remained in the place 
where he had taken refuge, began to move and rushed after the female. 
When he came near her, the large male was on her back and, when the 
large male noticed the approach of the small one, he leaped from the 
female’s back toward the rival. They chased each other again in the 
grass; the small male escaped and this time disappeared in the grass. 
The male again hurried toward the female, repeating the courting per- 
formance. 

Although from Hilzheimer’s description it might be assumed that males 
can distinguish sex at a distance and respond according to this recogni- 
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tion, it is also possible that the male in possession of the female was 
merely responding to an attack reaction of another lizard with a counter 
attack. Under such circumstances the bright colors of the breeding male 
would serve merely to make the fighting lizards more conspicuous to 
each other. It is, of course, possible that the males had previously en- 
gaged in battles and responded at once to the presence of a lizard in male 
livery with the fight reaction. Since lizards in captivity quickly learn 
the feeding routine, it is obvious that learning cannot be entirely ruled 
out of the courtship performance. 

Iguanid.® 

The Iguanidae and the allied Agamidse include some of the most ex- 
treme types of sexual dichromatism. These two families are included 
in Iguania, one of the most primitive groups of lizards (Camp, 1923), 
but they have advanced beyond most families of lizards in the degree of 
specialization in sexual differences of color. This specialization is pre- 
sumably correlated with some functional requirement but, as indicated 
above, there is no agreement as to the nature of this requirement. 

ANOLIS UNDER LABORATORY CONDITIONS 

We may consider first the mating behavior of Anolis since the genus 
has been more fully discussed than any other group of lizards with the 
possible exception of Lacerta . We have studied five species of Anolis 
under laboratory control. Although the cages were uniform with those 
employed in all of our observations, the lizards of this genus were fed 
meal worms and wax worms. Anolis is usually kept with success in ter- 
raria well provided with growing plants but we found it advisable to use 
bare branches for perches and to control the humidity by dampening the 
gravel floor of the cages. Such an arrangement made it possible to fol- 
low the movements of individual lizards but few of our Anolis lived over 
a year under these conditions. Most of our observations were made dur- 
ing the first two or three months after shipment from the field. 

RECORD OF MATINGS OF ANOLIS 

During the period of observation records were made of twenty-one 
copulations in this genus. One was in Anolis cybotes, three in A . inagua , 
five in A . sagrei , five in A . porcatus and seven in A. carolinensis. Of these 
twenty-one matings ten, or nearly half, were instances of males copulat- 
ing with males, only eight were with proved females, while in three 
cases the sex was unrecorded. We endeavored to determine sex by a 
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cloacal examination immediately after copulation but in some cases tbe 
mated lizards could not be retries ed with certainty before they were lost 
among the others in the cage. Sex was also cheeked by an extension of 
the throat skin. In all of the aboAe species the males June a far more 
developed dewlap than the females. All of the species of Anolis avail- 
able copulated with males at least once. So far as we are aware, only 
Schulz (1931) has previously recorded a male Anolis copulating with a 
male. Our observations, however, indicate that under laboratorv condi- 
tions homosexual matings are of frequent occurrence. Apparently males 
have considerable difficulty in distinguishing sex. We have seen no evi- 
dence in our series of observations that females of A. sagrei can recog- 
nize males of their own species at a distance, as Mertens (1926) sug- 
gested. The female in all of our observations played a purely passive 
role. 

COURTING AND MATING BEHAVIOR OF ANOLIS 

Although fighting is nearly a daily occurrence throughout the spring 
and early summer, we found matings to be decidedly rare. No doubt, 
they occurred much more frequently than our records would indicate but, 
as they take place very quickly with very little preliminary movement, 
they are apt to pass unnoticed by the observer who is watching several 
cages at one time. A male beginning to court proceeds much in the man- 
ner of a male starting a fight but the attitudes are less extreme. He 
challenges his partner with one or more nods of the head and frequently 
expands his dewlap. Very rarely, however, will he raise the soft skin 
along the midline of the neck and back until it forms a low crest similar 
to that which is usually produced by a fighting male. The preliminary 
challenge is immediately followed by the male’s seizing his mate by the 
nape of the neck (Pig. 5A). After a moment’s hesitation during which 
the grip is secured more firmly, the courting male begins a violent struggle 
to force his tail under that of his partner and to bring their cloacas in 
contact. In doing this he may rub his partner’s flank with one of his hind 
limbs but these rubbing movements are poorly directed and do not form 
a definite phase in the courtship as they do in Ameiva. femoral organs 
are lacking in the Anolis, and any quieting effect, if it occurs at all, must 
come from the friction of the thigh skin against the flank. If the mate 
does not greatly resist the attempt of the male to throw his tail into the 
position for copulation, the courting male struggles very little and leg 
rubbing does not occur. The male usually maintains his grip on his 
partner’s neck throughout coition but occasionally, especially if the female 





FiGUttU 5. — The mating behavior of Anolis potcatus. 

— A large male attempting to secure the usual neck grip on a small female seizes the 
side of her head in his jaws. 

R — A male copulating with another male assumes the normal posture characteristic of 

the genus. 
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is small, lie may release his grip after his hemipenis has been inserted 
into the cloaca of his partner. 

The courtship and mating pattern is the same in all the species of 
Anolis studied. Specific differences are found chiefly in the length of 
coition. Four uninterrupted coitions in A . carolinensis were approxi- 
mately 15, 20, 26 and 39 minutes respectively. During one of these the 
male moved lr‘s cloaeal region back and forth in a rhythmical manner 
for the first two minutes. A similar movement was noted once in the 
five A. sagrei matings. The longest coition in this species lasted eight- 
een minutes. All coition periods other than those mentioned above lasted 
between one and five minutes. Some of these short periods were inter- 
rupted by the observer but some were apparently voluntarily cut short. 
Danforth (1925) records an apparently interrupted coition of A. cristabel- 
lus as lasting three or four minutes. It is interesting that the matins; 
of this species as observed by Danforth in the field is the same as that 
witnessed by us in the laboratory in the case of other species of the genus. 
Danforth reports that the male during coition remains perfectly still and 
allows close approach. Hence, the few cases of movement during coition 
reported above in other species may not be typical of Anolis. 

HOMOSEXUAL MATINGS COMPARED WITH NORMAL MATINGS 

Although the mating of Anolis has been previously described, the fre- 
quent occurrence of homosexual matings under laboratory conditions has 
never been stressed previously. Copulation proceeds in the same manner 
whether a male selects another male or a female for his mate. Two 
records from our daily record book may be given to illustrate this point. 

Male Mating with Female 

July 8, 1930. 

A series of Anolis sagrei arrived on July 6. Today they began to court. 
That is, the males instead of merely fighting among themselves attempted 
to seize less vigorous individuals by the nape of the neck. These seizing 
movements were, in some cases, preceded by head nodding and throat 
extension. Two matings between males and females occurred. The 
male seized the back of the female’s neck firmly in his mouth, held her 
a few seconds, and then endeavored to bring his tail under her tail and his 
cloaca forward until it was in contact with hers ; thereupon one hemipenis, 
that adjacent to the female, was inserted. One of the two copulations 
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lasted approximately five minutes. During part of this time the pelvic 
region was moved forward and backward rhythmically. The interval be- 
tween the forward thrusts varied from two to eight seconds. 

Male Mating with Male 

February 20, 1931, 8.25 a.m. Room temperature 82° F. 

A large male of Anolis carolinensis began to court a smaller male of 
the same species. When the small male was seized by the back of the 
neck, he thrust out his dewlap and struggled about the cage but could 
not free himself from the grip of the larger male. After four minutes 
of struggling the seized male became quiet and the larger male thrust 
his tail under that of the smaller one, the cloacas were brought together 
and copulation began. It lasted thirty-eight minutes, forty-five seconds. 
During this protracted period the small male only once endeavored to free 
himself. Two other males were fighting in the cage and one of them fell 
on the pair without interrupting their copulation. 

AN EXPLANATION OP HOMOSEXUAL MATINGS 

This was the longest coition we have recorded in any species and yet 
it was between two males. Why do courting males confuse males with 
females ? We gained some light on this question by checking up on the 
males which submitted to copulation. In one case the male was ap- 
parently sick. This was definitely so in the case of the Anolis sagrei 
male which submitted to copulation on June 8, 1930. In four of the 
homosexual matings of Anolis a smaller male was seized, and there is one 
record of a male the same size as the courting male having been forced 
to play the part of a female (Fig. 5B). In general, but not always, it 
seemed to be the weaker or smaller males which were forced to function 
as females. 

DOMINANCE 

The literature presents no evidence of any homosexual mating having 
occurred in nature. Males tend to fight and would, no doubt, tend to 
mark out territories for themselves as has been described in the case of 
Lacerta . Even in the terrarium observers such as Zapf (1911) have re- 
ported that one male will dominate all the other males of his own species. 
In our laboratory we always kept several healthy males and females to- 
gether in the observation cages and, while fights between the males were 
of frequent occurrence, only rarely did we observe behavior which could 
be definitely assigned to dominance. The clearest case may be described 
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in full. During three successive days in June. 1932, while experiments 
were being conducted with courting Anolis in one cage, one male that was 
as large as any in the cage was clearly dominating all the others. As soon 
as the room became warm with the heat of the day (i. e., approximately, 
80° F.), this one male was seen to be continuously light greeu, walking up 
and down the branches in the cage. Occasionally he would throw out 
his dewlap, nod, and approach other lizards near him evidently to chase 
them off or court them. Usually the other lizards in the cage were brown 
and had their eyes on the green male, and usually they avoided him when 
he approached. At times, however, a male would accept the first male’s 
challenge and the two would flatten their sides, bob and threaten each 
other in the manner described below. The second male, during these days, 
invariably gave way to the first. The latter rarely courted during these 
days ; he was continuously in the state of great excitement which is fol- 
lowed by fighting, not courtship. 

THE METHOD OF FIGHTING OF ANOLIS 

The method of fighting of A noli# may be described in further detail 
because it has an important bearing on the genesis of secondary sexual 
characters. The male is usually excited by the approach of another lizard. 
He protrudes his dewlap to its fullest and retracts it again. In several 
species the skin along the back of the neck is raised into a fleshy crest, a 
low ridge is raised along the back and the body is remarkably flattened. 
The extension of the dewlap may be repeated at intervals of a few seconds. 
Soon, rising high on all four legs, the male stiffly nods and turns his side 
toward the possible rival. Although his legs are straightened, the ventral 
margin of the compressed belly scarcely clears the ground. In brief, the 
male attempts to make himself look as big as possible in the eyes of liis 
rival. If the male was dark brown or dark green at the beginning of this 
performance, he will soon turn to a bright green. The breeding male, 
in the spreading of his dewlap and the lateral advance toward a rival, 
presents to him a greater display of color than such a male ever presents 
to a female or weak male with whom he will mate. 

Both the female and the male of Anolis when in sunlight or in a warm 
room will bob their heads at intervals and jump about from one branch 
to another, and the males will occasionally throw out their dewlaps. 
Courting males do more bobbing than this and extend the fan more often. 
Moreover, they will chase other individuals which do not answer the chal- 
lenge with a similar display. If fighting continues, the males will fre- 
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quently spring at the adversaries with open mouths. More often, how- 
ever, they merely sidle up to them with sides extremely flattened. 

A display of color in Anolis is, therefore, primarily a bluffing mechan- 
ism. Often a rival makes no response but keeps his eye on the display 
before him and moves off when it comes too close. As we shall see below, 
this is the “rule of the game'* in other iguanid genera. If the rival stands 
his ground, he will usually spread his throat fan, compress his body and 
turn sideways toward his opponent. Frequently the fight will end at this 
point, the male that was most impressed by the display quickly dropping 
his crest and slinking away. At other times both males open their 
mouths wide and rush at each other. If they meet head on, the jaws may 
lock but, when space on the branch is available, they usually move 
broad side toward each other. In this case an effort is made to seize 
a limb of the opponent. The display of Anolis , although primarily bluff, 
is not wholly so, and possibly this is one of the reasons why there is not 
a greater sexual difference in color. 

There is, however, one other fact to consider. A lizard on a tree is in 
a more exposed position than one on the ground. A high premium is 
presumably placed on protective coloration in the former situation. Ano- 
lis , by keeping the bright dewlap hidden except at odd intervals, is avoid- 
ing the danger of attracting hawks or other enemies. 

THE HEAD NOD 

It may be noted that the head nod itself is not primarily part of the 
bluffing mechanism, for it is practiced by females and even by recently 
hatched young. It is a common reaction in all Iguanidac and Agamidae 
but has not been seen in the lizards of any other family which have passed 
under our observation. Schmidt (1911) has reported an active head 
nodding in Mabuya carina la, but we have not seen it in a large series of 
Evmeces obsolelus and Leiolopisma luterale which we have kept in ob- 
servation cages. 

The function of the head nod is not definitely known. It very prob- 
ably aids vision by permitting several views of the same object from 
slightly different angles. Since these views are obtained in rapid suc- 
cession, the images would tend to superimpose and make the objects stand 
out from the background. As long ago as 1881, Monks recorded that 
both sexes of Anolis carolinemis nodded upon seeing each other. In 
agamids, also, head nodding is often directed toward the opposite sex 
(Brandis, 1911) but also occurs in isolated animals. Sachs (1922) sug- 
gested that the reaction may be merely an expression of excitement or 
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possibly an aid to swallowing. We have noted that the nodding of one 
lizard will often induce another lizard to nod regardless of sex. In 
Leiocephalus we have frequently observed that the nodding of one individ- 
ual would induce all the other individuals in the cage to nod. Head 
nodding, whether or not it aids vision, is obviously a group response. It 
may serve to place all the lizards in a restricted locality on the alert at 
the approach of an enemy. We have never seen a lizard nod when its 
eyes were closed. In gregarious species this mutual stimulation would 
tend to induce the individuals in any one locality to respond as a group. 

FIELD OBSERVATIONS ON ANOLI8 CAROLINENSIS 

Although the mating of Anolis as observed in the laboratory proceeds 
the same as that recorded by Danforth in the field, there is probably 
one very fundamental difference. In the field the individuals are far more 
scattered than in the laboratory. Where fights have been observed, they 
were always between isolated pairs. Mr. Morrow J. Allen, while carry- 
ing on field work for the American Museum near Biloxi, Mississippi, wit- 
nessed one such fight between two males of A . carolvnensis, on April 2, 
and another between a different pair the following day. We quote from 
Mr. Allen’s field notes : — 

10.40 a.m. The two males were about twelve feet from the ground on the 
upper surface of a tree trunk and circling slowly about each other while main- 
taining a distance of ten inches apart. Their bodies were compressed and 
they walked slowly and stiff-legged with bellies raised from the surface. Their 
throat fans were extended frequently hut seemed to be correlated with no 
other movement except that of bobbing up and down. A low crest was raised 
along the neck. One of the lizards was the larger but as the pair closed in 
combat, now one and now the other, would take the aggressive. They circled 
for a few minutes and then the larger walked stiffly for a few inches up the 
tree, the smaller following. The larger turned and bobbed. The second ad- 
vanced. The mouths opened and the pair began to spar with their jaws, mak- 
ing audible crunching sounds at each bite. Soon the jaws locked, the smaller 
lizard had the snout of the larger one firmly clamped. They remained with 
locked jaws for approximately two minutes when they separated and remained 
for a moment staring at each other. 

The larger then continued his progress up the tree with the smaller lizard 
following to one side and slightly behind. Again the first turned, once more 
sparring with the jaws, and the jaws locked exactly as before. The lizards 
remained in this position for about one minute ; then they began to twist their 
bodies. The latter movement caused them to fall from the tree to the upper 
branches of a bush six feet below. The larger lizard hung by its hind feet 
from a small limb, the smaller one supported itself only by the locked jaws. 
Five minutes elapsed before they separated, the smaller lizard falling to a 
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branch a few inches below, the larger one drawing himself up to the branch 
on which he had caught. 

The two combatants eyed each other for a moment and then each began 
to move toward the main vertical branch of the bush, proceeding on stiff legs 
with compressed bodies. They reached the main stem simultaneously and 
continued to draw near. Again sparring began and the jaws locked. This 
time the position was maintained for approximately eight minutes. Separa- 
tion was accomplished by head-shaking. The smaller lizard climbed out on 
a small branch that grew close to the trunk of the tree they had fallen from. 
He jumped the intervening space and traveled up the trunk of the large tree 
in a leisurely manner. The larger one followed about five minutes later after 
looking directly at the observer. The lizards were observed through the field 
glasses as they met high up in the tree. Again they circled slowly, but inter- 
vening leaves prevented a clear view of the procedure. Eventually they were 
lost to sight. 

Fifteen or twenty minutes later the struggling pair dropped from a height 
of twenty feet to a bush below. This time the larger one had a firm grip on the 
head of the smaller one. His upper jaw was holding directly behind the eye 
of his opponent while his lower jaw was across his rival’s throat. The lizards 
were suspended by the hind feet of the larger male. After five or six minutes 
a sudden wriggle freed the smaller one, which fell several inches to another 
branch. With neck crest raised and dewlap partly extended the small male 
began to retreat through the bushes. Soon the crest dropped, the throat fan 
was retracted and the conquered male worked his way to the ground. This 
struggle, in which first the smaller and then the larger male had the advan- 
tage, lasted approximately one hour and forty minutes. 

If it had been a female which had come into the tree occupied by 
one of the males, no fight would have occurred because female Anolis 
according to our observations do not fight. To judge from our labora- 
tory observations we may assume that the male, after challenging the 
newcomer with an extension of his dewlap and receiving no answering 
challenge, would swing directly into his courtship pattern. He would 
endeavor to grip the newcomer’s neck. In the crowded conditions of 
the laboi v atory we may assume that many attacked males do not have time 
to call forth by a flourish of the dewlap the fight reaction of a male intent 
on mating. If the courting behavior is not cheeked in this manner, the 
attacking male continues until he has actually copulated with the male. 
The structure of the male’s cloaca permits such homosexual unions and 
the sperm which is found there after mating is, in all probability, 
deposited by the attacking male. It follows from this interpretation of 
the mating reactions in Anolis that the bright colors of the male dewlap 
have evolved as frightening devices, and not at all to stimulate the female 
to mate. We shall present evidence that this is true for other genera 
of iguanids as well. 
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THE FIGHTING OF LEIOOEPHALUS IS LABGELY BLUFF 

Of the lizards which we have studied in the laboratory, the species of 
the genus Leiocephalus exhibited the most extreme stages of sexual dimor- 
phism. In this genus, perhaps more than in any other, the bright colors 
of the male are clearly used as bluffing mechanisms. As in Anolis , the 
fighting reactions may be distinguished from the courting reactions 
although they have certain elements in common. Again as in Anolis , 
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Figure 0, — The bluffing pose of the male Leiocephalus schrclbersii. 

A. — In the resting position tbe transverse bars of pink and blue are scarcely visible. 

B. — In tbe bluffing attitude the body is compressed, tbe throat extended into a smaU 
dewlap, the dorsal crest erected and tbe tongue thrust out of tbe mouth. The bluffing 
lizard moves laterally towards an opponent displaying his bright flanks to the fullest. 


the most extreme displays of color are directed toward rivals and not to- 
ward possible mates. 

In the laboratory the male Leiocephalus frequently fight among them- 
selves. We have studied L. schreiberm and L. inagtux in large series, 
and a few L. personatus. Two males will simultaneously rise on their 
legs, turn their sides toward each other, raise the ridge along their backs 
and flatten their throats to form feeble fans or dewlaps (Fig. 6). At 
the same time they flatten their bodies vertically until, viewed laterally, 
they appear very large and very brilliantly colored. Viewed either 
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Figure! 7 — Success and failure in bluffing 

A — Leiocephalus sthteiberw in bluffing pose keeps a rival at bay 
B A male BceJoporus undulatvs seized by two other males who are intent on mating 
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caudally or cephalically, however, they look knife-like in their flatness. 
Although they stand high on their legs, the sharp lower line of the belly 
nearly touches the ground. They then attempt to bob, in a stiff man- 
ner, their whole body rocking back and forth in a fore and aft direction. 
They move around, always keeping their flattened side toward the 
opponent, at the same time that an eye is kept on him (Pig. 7A) . Often, 
at this stage, one or the other lessens his display, and is bluffed into a 
cowering position, whereupon the fight is over. 

When neither will lessen his display, the combatants become more 
aggressive, thrusting their tongues well out of their mouths and quiver- 
ing all over. A moment later one will dash up to nip his rival in the 
ear region. The second one jumps away, exposing first one broad side 
and then the other while attempting to nip back. They rarely catch 
hold and, even when they do, never injure each other. This is the more 
remarkable in that Leiocephalus is a voracious feeder, being known to have 
killed and devoured full grown Ameiva (Noble and Klingel, 1932). A 
Leiocephalus fight is purely a magnificent piece of bluffing. 

More than two may take part in the demonstration but this is so con- 
fusing that the fight does not last long. A male never fights a female. 
However, on three occasions (two of schreibersii and one of inaguce) fe- 
males have been seen fighting each other. They attempted to do the same 
thing males do, even to thrusting out their tongues and nipping each 
other, but they have less dewlap, no fleshy dorsal ridge and no bright 
colors. These three cases are the only observations we have made of 
females of any genus fighting. After the most fierce fight, one of the 
fighting lizards, believed to be a female, was opened and found to have 
well-developed ovaries. Fighting is not to be confused with the head 
nodding characteristic of all iguanids and practiced by both sexes and 
by juveniles. As pointed out above this serves to stimulate the atten- 
tion of all lizards in the immediate vicinity but it plays no essential part 
in either the fighting or courting behavior of Leiocephalus . 

COURTSHIP BEHAVIOR OF LEIOCEPHALUS 

The courtship behavior of the three species of Leiocephalus is essen- 
tially alike. Both courtship and coition are very short. It is usually 
preceded by a feeble display of color but, so far as our observations go, 
never by the extreme compression of the body and grotesque “rocking 
horse” movements of the fighting males. With very little preliminary, the 
male rushes forward and seizes his intended mate by the back of the neck. 
Often the male lets go and seizes his mate’s neck again several times in 
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succession. During this period the male remains erect on straightened 
legs, with compressed body showing off the bright tones on the sides of 
his body to advantage. However, he is usually standing slightly caudal 
to the female and in such a position that she can see very little of this 
display. The female does not show any response to this treatment other 
than an occasional effort to escape. Frequently, the male maintains his 
grip once he has grasped in his jaws the thick skin on the back of the 
female’s neck. 

Fifteen Leiocephaius matings were recorded. In only one of these 
the male was seen to rub his cloaca from side to side on the ground like 
an Ameiva beginning to court. In three matings the male bobbed his 
head up and down after he had grasped his mate. Although no femoral 
organs occur on the ventral surfaces of the thigh of the male, most of 
the males, once they had secured a firm grip, began to rub one of their 
thighs along the back of the female in nearly the same definite manner 
found in the teiids discussed above. The whole mating procedure is 
run through so much more quickly than in the Teiidae that this rubbing 
appears to form % only a small part of the courtship of Leiocephaius. Dur- 
ing the rubbing the male thrusts his tail under that of his mate and brings 
their cloacas together. The grip on the female’s neck is maintained 
throughout coition which is very short. The longest recorded courtship 
in the genus was five minutes, the longest coition forty-five seconds. In 
the length of coition there is a striking difference between Anolis and 
Leiocephaius. 

The fifteen matings we observed are, perhaps, too few to distinguish 
specific differences in the performance. In two cases of L. schreibersii 
matings the males were observed to thrust the pelvis forward in a rhythmi- 
cal manner. This movement differed from the similar behavior in 
Cnemidophorus in that the first thrust served to insert the partly everted 
hemipenis and since the whole coition only lasted from five to six seconds 
there were very few forward thrusts. The coition also differed from that 
of Cnemidophorus and of most lizards in that the male released the 
female and withdrew his hemipenis while it was still everted. 

OBSEKVED HOMOSEXUAL UNIONS A UARITT IN LEIOCEPHALUS 

Apparently in correlation with the elaborate bluffing mechanism of 
Leiocephaius, we observed only one case of a male copulating with an- 
other male in this genus. Of the fifteen copulations recorded eight were 
in L. schreibersii and seven in L. inaguce; L. personatus courted but did 
not mate. The one instance of a homosexual mating was in L . inaguce . 
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However, among the thirteen courtships which did not end in coition, 
eight were with other males. This fact suggests that, while males can- 
not distinguish males who do not fight back from females, the seized 
male may not be as passive as a female or, at least, in some way obstructs 
coition. An adult female of the species under consideration is usually 
smaller than an adult male but size does not play an important part in 
the initial phases of courtship for we have seen adult males courting other 
males as large as themselves. 

THE BEHAVIOR OF THE FEMALE 

During two courtships, one in L. schreibersii and another in L. inaguce, 
the female appeared to take an active part. When a female is approached 
by a courting male, she usually attempts to avoid being bitten by making 
a hasty retreat. Once the male has secured his grip on her neck, the 
female no longer struggles. In the two cases under consideration the 
male attempted to bite the neck of a female, but in each case she moved 
away and turned her tail and posterior part of her body toward him. Ris- 
ing high on her hind legs, but keeping her chest low, the female swayed 
from side to side. Such a position would presumably facilitate the male’s 
thrusting his tail under that of the female. In each case a second male 
interfered, threatening to fight, and the courting behavior terminated. 
Taken by itself, this behavior on the part of the female Leiocephalus 
might be considered an invitation to mate. However, in another iguanid 
genus Sceloporus , a somewhat similar behavior forms a normal part of 
the daily activity of one species at least. A discussion of the significance 
of this behavior may be reserved until the data concerning Sceloporus 
is before us. 

The mating behavior of one pair of Leiocephalus in a cage frequently 
stimulated other lizards in the cage into activity. This is one of the 
reasons that more courtships did not end in coition. In two courtships 
completion of the mating was obviously prevented merely because an- 
other male compressed his body into the usual bluffing attitude. Three 
others were discontinued by the actions of a second male, who bit the 
female’s tail, causing her to jump so violently that the courting male lost 
his grip on her neck. Once a rival male actually bit off the end of a 
female’s tail. 

RECORD OF OBSERVATION" 

In concluding this outline of the mating of Leiocephalus , the record 
of a typical mating may be quoted from our record book. 
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A Typical Mating of Leiocephalus schreibersii 

June 4, 1929. Room temperature, approximately 80° F. 

A male Leiocephalus schreibersii attempted to mate with a female of 
the same species. She did not resist. He seized her by the back of the 
neck and stood over her for a moment. Then he began to move his pelvic 
region from side to side for a few seconds. A moment later he began to 
rub his leg along the side opposite to that on which he later stood. This 
rubbing gave the impression that the male was merely attempting to brace 
himself by pushing backward with his hind leg. He held the female's 
neck firmly during these movements but, before he could bring their cloa- 
cas together, the female jerked away. Fifteen minutes later the same 
male seized the same female again and engaged in the same pelvic and 
limb movements as before. This time the limb rubbing resembled closely 
that of Ameiva . The neck grip was maintained except when the male 
was trying to improve his hold. By moving his hind limbs the male 
brought his cloaca in contact with that of the female. Then he began 
to move his pelvic region forward in little spasmodic thrusts. Five sec- 
onds later the hemipenis was withdrawn. It was fully extended and 
remained so for approximately three seconds. The male then dragged 
his cloaca on the ground for a few seconds as his excitement faded away. 
The female made no resistance throughout the procedure and did not run 
away after being released by the male. 

In spite of the few cases of female fighting reported above, it may be 
emphasized again that the female Leiocephalus shows no evidence of 
being stimulated by the color or attitude of the male. A single case 
from the daily record will serve to show how most courtships begin. 

Preliminaries of Courtship 

April 10, 1931, 9.30 a.m. Room temperature, approximately 84° F. 

A male Leiocephalus inaguce was seen moving his left thigh back and 
forth in a nervous fashion. He looked around the cage and approached 
three females, biting each one in turn on the neck without maintaining 
a firm grip on any one. At the moment of biting the male moved his 
pelvic region from side to side and vibrated his tail slightly. 

SCELOPORUS 

The third genus of iguanids which we have studied in the laboratory 
is Sceloporus. Although this genus includes the well-known fence lizards, 
the mating behavior has never been completely described in any form. We 
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had two pairs of S. magister which courted without copulating. We had 
a large series of Sceloporus undulatus courting and fighting. We shall 
limit our discussion to the behavior of this species. 

THE POSTURE ASSUMED BY THE FEMALE OF SCELOPORUS 

Sceloporus differs from all the other genera studied in that the females 
as well as the males have their own sexual activity. There is, as in 
Anolis and Leiocephalus , the ordinary quick head bobbing by both sexes, 
expressive of alertness. Besides this, the males have a “sex bob” (Big. 
8G). It consists of slightly flattening the sides, making the gorgeous 
blue bands fully visible, followed by a raising and lowering of the body 
in which the front legs only are used. Apparently this does not stimu- 
late females in the least, and may or may not be followed by courtship. 
Females also have a definite posture, which is peculiar to their sex. It 
consists of n&mg high on their four legs and hunching the back until 
it forms a dome (Big. 8B). No male was ever observed to assume this 
attitude. Sometimes the female holds this position indefinitely, but 
usually she hops up and down on the ground in a stiff-legged fashion, 
progressing forward about two centimeters with each hop. This per- 
formance never seems to stimulate males. It is, however, often provoked 
by the nearness of a passing male or by an attempt at courtship, but may 
occur when no males are active. We could secure no evidence that this 
indicated a willingness on the part of the female to mate. It has nothing 
to do with ovulation, for eggs were not found in the oviducts of one 
“hopping” female which was dissected. 

COURTSHIP AND MATING OF SCELOPORUS UNDULATUS 

Sceloporus males court very often but copulation rarely occurs, due 
apparently to the resistance of the female. After holding a female’s 
neck and bobbing, the male begins to try to place his tail beneath hers 
and to bring their cloacas together. Sometimes this is accompanied by 
leg rubbing, as in Ameiva. Even though Sceloporus has small but well 
formed femoral organs, leg rubbing is rarer m this group than in Leioce - 
phalus, which lacks femoral organs entirely. Copulation may occur at 
this point in the courtship and it is extremely short, lasting only a few 
seconds. The hemipenis is usually visible after coition is completed. 
The neck skin of the female is usually held throughout the courtship and 
through coition if one occurs. 

Only four copulations followed courtship in our series of S . undula - 
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tus , and in each case the mate was a female. Also, in each case there 
was no leg rubbing, and in three cases the male held the female's neck 
skm until coition was over. Coition itself lasted only two or three sec- 
onds. Thirty courtships which proceeded as far as neck biting were re- 
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FUiUfcB 8 — Three poses of Scclopot its undulatus 
A. — Female at rest. 


B. — Female in hunched or “dome” pose 

C. — Male giving the “sex hob.” Only the forelegs are straightened when the male is 
displaying before a female. All four limbs raise the body from the ground when the 
male is threatening a rival. 


corded. Thirteen of the thirty were with females, eleven were with males 
and six were uncertain as to the sex of the mate. There is such a marked 
difference in color between the sexes that sex may be identified without 
cloacal examination. In the doubtful cases mentioned above, the seized 
lizard escaped before it could be examined. 
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It would seem, then, that in spite of the marked difference in color 
and posture of the sexes, the opposite sexes neither excite nor attract each 
other. A male intent on mating is unable to distinguish a quiet male 
from a female (Fig. 9). We shall see below that this conclusion is not 
fully borne out by observations in the field although it appears to hold 
for our laboratory material. 

COURTSHIP BETWEEN MEMBERS OE DIFFERENT SPECIES 

We rarely have kept different species of Sceloporus together in cages, 
but Speck (1924) has recorded a courtship between a male 8. undulatus 
and a female 8 . spinosus. Grijs (1899) observed a Sceloporus undulatus 
courting an Agama mossambica and an A . stellio . The courtship pro- 
gressed only so far as the neck hold. Since sex recognition, according to 
our observation, is due to a failure to fight, crossing of compatible species 
should not be difficult. 

OBSERVATIONS ON NORMAL AND ABNORMAL MATINGS 

Hyde (1923) has witnessed portions of the mating behavior in a single 
pair of Sceloporus undulatus . Since this is the only previous description 
of the mating of one of the commonest lizards in eastern United States, 
it is unfortunate that Hyde witnessed an abnormal mating. He reports 
seeing a male bite a female several times in the side of the neck. Fifteen 
minutes later he observed the pair with ventral surface adpressed, and 
the male with one hemipenis inserted into the female’s cloaca. 

On six different occasions we have noted females, when seized by the 
neck, tumbling over on their backs in their effort to escape. In every 
case, however, the male forced his tail under that of the female, endeavor- 
ing to bring his cloaca to the position where the female’s cloaca would 
have been if she had not rolled over. As soon as his cloaca reached 
this position without attaining the expected contact, the male released 
his grip. In no case was a hemipenis inserted into the female’s cloaca 
while their ventral surfaces were in broad contact. Hence, it seems 
highly probable that the female observed by Hyde turned over after 
coition had begun. The wriggling described by him is not part of the 
normal mating procedure in the fence lizard. 

As in Leiocephalus, the courting of one lizard may stimulate other 
lizards in the cage. In four of the thirty courtships mentioned above, 
a rival male seriously interfered with the progress of a courtship (Fig. 
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Figure 0 , — A failure of the mechanism of sex discrimination. The male at the top 
of the piece of bark is attempting to mate with another male who is defending himself 
with one hind leg. In the meantime two females (with mottled backs) are passed 
unnoticed by the courting male. Male Sceloporua, like other male lizards, are unable 
to distinguish passive members of their own sex from females. , 

7B). In one of the cases the rival male merely compressed his body 
and bobbed his head in the manner of a fighting Sceloporus. In three 
other cases the rival nipped at the courting male’s tail, causing him to 
turn and assume the usual fight attitude. 
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FIGHT REACTION OF SCELOPORUS UNDULATUS 

The fight reaction of 8. undulatus resembles that of Leiocephalus but 
is less extreme. The male compresses his body with the result that the 
blue stripes on the ventral part of the sides are brought into full view. 
The skin in the midline of the back is raised into a low ridge which in- 
creases the apparent height of the lizard. Bising stiffly on all four legs 
the male turns broadside toward his rival as if he intended to impress 
him with both his apparent size and splendor. Then, still keeping his 
bright side toward the rival, the aggressive male bobs up and down on all 
four legs. If this fails to put the rival to flight, the aggressor will fre- 
quently rush forward and bite the other lizard in the tail. The attack 
of 8 . undulatus is apparently usually aimed at the tail, while in other 
iguanids, such as Leiocephcdus other parts of the enemy are also seized. 
Females, according to our observations, never fight and this fact appears 
to form the basis for sex recognition. They may, however, resist with 
their teeth the attack of a male, and this is especially true of females in 
the field. 

It should be noted that the fight behavior differs fundamentally from 
the courting behavior even though the two kinds of response may follow 
one another closely. In this connection we may quote from our daily 
record a case where a courting male was forced to fight but soon returned 
again to court. 

Alternation of Courting and Fighting 

April 10, 1929, 3 p.m. Temperature 79° F. 

Several female Sceloporus undulatus were under observation together 
in a cage. One female had her back hunched in the peculiar dome man- 
ner when a male began to court. He bobbed up and down utilizing his 
front legs only, and dashed toward a female, but not the hunched one, 
and seized the side of her body with his jaws. Both lizards bobbed, the 
female with her front legs, the male with only his hind legs, because the 
forepart of his body was held down by his grip on the female. Another 
male dashed forward and bit the first male in the tail. For a few seconds 
the first male maintained his grip and then, while rapidly bobbing, he 
turned and assumed the fighting pose. His body was now compressed 
and he raised high on all fours, displaying himself to far better advantage 
than when he had been courting. The second male fled at this show of 
color and size. The first male, still bobbing, changed from the “fight 
bob 3 ' to the “courting bob.” His sides became less compressed, the hind 
legs were employed less and less until finally only the forelimbs were 
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brought into play at each bob. The male was now in his original court- 
ing pose and, turning back to the female, he caught her firmly by the 
neck. Again he bobbed and the end of his tail vibrated. For five or 
six seconds the pair remained quiet and then the male brought his cloaca 
in contact with that of the female. Copulation lasted scarcely more than 
a second. There were no leg rubbing nor trembling movements. The 
hemipenis remained extended for a fraction of a second after it was with- 
drawn. 


MATING BEHAVIOR OF SCELOPORUS SPINOSUS FLORID ANUS 

Newman and Patterson (1909) have made a very comprehensive study 
of Sceloporus spinosus floridanus, a close relative of the eastern fence 
lizard, but their conclusions as to mating behavior of this species are 
totally at variance with our own. They state : 

The male is apparently the aggressor in seeking a mate, although the female 
undoubtedly exerts a considerable influence on his choice. Observations show 
that she perforins certain movements that serve to attract the male from an 
adjoining tree as much as thirty feet distant ; and there is no doubt that she 
is more highly excited sexually than the male. 

Newman and Patterson do not describe these movements of the female 
nor do they give any details as to exactly how a male is attracted by a 
female. In 8. undulaius the only distinctive movements of the female 
are associated with the hunching and hopping behavior. We have failed 
to find that these movements either attract or stimulate the male. New- 
man and Patterson descr'be the male S. spinosus floridanus as giving his 
greatest exhibition of color in the presence of the female. After that the 
pair slowly circle around each other “often as much as three times. The 
female then assumes a receptive attitude, is seized readily by the male, 
and copulation follows, lasting for about 15 minutes.” The writers 
then conclude: 

The displaying of the brilliant blue patches at the sides of the neck and 
body is to bo looked upon as part of the moans by which the male entices and 
thus influences his mate, although we have no conclusive evidence to show 
that such a display of color is of any particular advantage to the male in 
securing a mate. 

Apparently all the observations of Newman and Patterson were made 
in the field, for they do not describe any laboratory studies. They do not 
state how many courtships they witnessed. It seems highly important 
that observations on the courtship of S . spinosus floridanus be checked 
under laboratory control. It is often extremely difficult to be sure of the 
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sex of two courting lizards unless they can be picked up and examined 
from the ventral surface. The observer is apt to assume that a lizard which 
submits to copulation is a female but our observations have shown con- 
clusively that this is not necessarily true. 

Newman and Patterson have given, however, a very full account of the 
relation of S. spinosus floridanus to particular home trees. Apparently 
the species lives in pairs during most of the year. Breeding occurs in 
the latter part of March. They state : 

At that time one may see the male passing from tree to tree, apparently in 
search of a mate. A male and a female that have been associated in some 
advantageous retreat throughout the winter months do not necessarily retain 
their affiliations, but on the approach of the breeding season, they may separate 
and each choose another individual for a mate. This was especially noticeable 
in one case where we had observed a male and female together in or near a 
hoUow tree from time to time during the entire winter. When the breeding 
time came, however, they separated, and the male was observed to be alone 
for several succeeding days, passing among the various mesquite trees in the 
immediate vicinity of the home tree. Finally his efforts were rewarded, and 
he was seen to be mated with another female. 

FIELD OBSERVATIONS ON SCELOPORUS UNDULATUS 

No detailed information is available on the relation of S. undulatus 
to particular territories, nor in our experience has any large number 
been captured in pairs. If, however, the males wander during the breed- 
ing season, our laboratory observations suggest that they would fight 
with any other lizard of their own species they chanced to meet. If the 
attacked lizard failed to respond with a fighting response, the aggressor 
would soon replace his fighting by a courting behavior. In S , undulatus 
our observations indicate that sex recognition is accomplished merely by 
the type of response to the aggressive actions of the male. 

In the spring of 1933 after the above account had been presented for 
publication Noble, Hassler and Lipsev attempted to confirm this conclu- 
sion by studying S . undulatus in the field. By marking individual lizards 
with numbered skin clips and with small daubs of color they established 
the fact that many males are found day after day within ranges which may 
be called their territories. There is, however, considerable overlapping 
of these territories, which are not nearly so well defined as in passerine 
birds. A dead male tied to a thread on the end of a pole and dragged 
before an aggressive male in such a way that his bright ventral colors 
did not show was immediately seized and copulation followed. S imila rly 
a living male having his legs tied together, concealing his bright colors. 
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was seized in the normal mating manner and the free male’s hemipenis 
thrust into the captive one’s cloaca. These experiments, which will be 
reported upon in greater detail elsewhere, fully confirm the thesis ex- 
pressed above that a male that does not show his colors cannot be dis- 
tinguished from a female. 

Noble, Hassler and Lipsey have also compared the reactions of male 
lizards in the field to males and females dropped quietly into their terri- 
tories by means of the fishing poles mentioned above. Other females were 
colored to resemble males with the result that the attack and not the 
courtship response was evoked. In the field as in the laboratory the full 
display is given primarily during the fight and rarely, if ever, during a 
courtship. Although several matings in the field were studied at close 
range, no evidence was found of a male’s enticing a female by a display 
of color in the manner Newman and Patterson have suggested. 

It may be noted, however, that mating in the field is less stereotyped 
than in the laboratory. The attack of a male may be directed toward 
any part of his opponent’s anatomy. The copulation postures are the 
same in the laboratory and in the field but the hemipenis is retained 
within the female’s cloaca for much longer periods in the latter situation. 
Many males in the field retain their hold on the female’s neck until they 
have copulated twice with the same individual. The degree of response 
varies with the season. Some males at the close of the season, at least, are 
able to distinguish quiescent males from females. 

THE NEOK GRIP AND OTHER ATTITUDES OF MALE IGUANIDS 

In the above description of the mating of three iguanid genera it has 
been pointed out that the male invariably seizes the female by the skin 
of the neck before attempting copulation. In a few cases the male in 
attempting to secure this hold has seized other parts of the female’s body 
but invariably before the cloacas were brought together the male shifted 
his grip to the neck hold. It is probable that all iguanids make some 
attempt to seize the neck of the female during courtship. The neck 
grip in its typical form is taken by the male of Chalarodon madagasca- 
riensis (Petit, 1928), one of the few Old World iguanids. Basiliscus 
vittatus seizes the female by the neck but apparently this grip is some- 
times not taken in the related Basiliscus americmus (Schmidt, 1914). 
There is one record of B. vittatus having held the female by the base of her 
occipital comb during coitus. Schmidt (1931) reports that males of 
this species fight furiously for the possession of the female. In another 



72 


JL NNALS NEW YORK ACADEMY OF SCIENCES 


paper Schmidt (1931a) claims that the males of Tropidwrus hispidus 
cannot be kept together in the same cage because they will fight until the 
stronger kills the weaker. 

COURTSHIP OP HORNED TOADS 

Only in the horned toads, Phry nosoma, does the published evidence 
suggest that there may be a divergence from the courtship of other 
iguanid lizards. Edwards (1896) described P . cormtum as gripping 
the female with all four feet and Cahn (1926) describes the male as as- 
suming “a dorsal position above the female much as in the Anura, but 
amplexus is not nearly as violent or does the reflex persist.” It is pos- 
sible that the flattened body of Phrynosoma has conditioned the genesis 
of a modification in the usual iguanid mating behavior. However, the 
mating of only one species of Phry nosoma is known and even this is not 
known in great detail. Givler (1922) points out that the males of P. 
cornutum appear from hibernation before the females and are present 
in great numbers on the breeding grounds. Edwards (op. cit.) men- 
tions only the males as quivering with sexual excitement, and it is pos- 
sible that this quivering response may function in sex recognition the 
same way as the fight reaction in other iguanids : individuals that quiver 
or fight not calling forth the courtship behavior of the aggressive male. 

BEHAVIOR OP IGUANA 

Turning to the opposite extreme of iguanid evolution from the horned 
toads, namely, to the large iguanas, the known facts of their courtship 
lend strong support to the thesis advocated above. Peracca (1891) has 
studied Igmna tuberculata in captivity. The males have a type of 
bluffing display which differs from the display of most iguanids in that 
the lungs are filled with air to increase the body size and the round fore- 
head is directed in a butting attitude toward the opponent. The males 
attack each other, using teeth and claws effectively and apparently also 
the tail. The female is fertilized by the strongest male, which remains 
master of the eamp, forcing all others to flight. Peracca describes the 
male Iguana as seeking out and copulating with two Amphibolurus , mem- 
bers of a different family of lizards. Peracca convinced himself that 
there was absolutely no sexual choice on the part of the female. He cites 
a case where a female, placed in the presence of three males, was fer- 
tilized eleven times without showing the least sign of defense. Neither 
of the two females described by Peracca fought but passively accepted 
copulation with males both smaller or larger than herself. 
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On the other hand, Peracca’s males copulated more with one female 
than with the other. Peracca believed that this indicated that the males 
chose between possible mates. There was a marked difference in color 
between Peracca’s two females and it is possible that his males had learned 
to associate copulation with a particular one. In no other lizard has 
any instance of selection by the male been described. 

BREEDING SEASONS 

Peracca found that a female Iguana would escape from the advances 
of the male in December. He assumed that females submitted willingly 
to copulation at particular seasons, while the males were ready to breed at 
all times of the year. In lizards, such as Lacerta , living in northern re- 
gions, there is well known to be a definite breeding season during which 
both sexes become sexually active. Peracca did not observe that a female 
gives any evidence of choosing between possible mates, and hence the 
mechanism of sex discrimination probably is the same in Iguana as in 
the other genera discussed above even though their breeding seasons may 
differ in length. 

EEMAI/E DISPLAY 

One observation of Peracca on his series of Iguana seems to have an 
important bearing on our conclusions as outlined above. One of his 
females beat the ground with her forefeet and attempted to bite the 
neck of the male. This was the female which seemed to be less attrac- 
tive to the males, and Peracca interpreted the movement as an attempt 
to attract the attention of the male. It will be recalled that KLingel- 
hoffer considered a similar movement of the forefeet in the female Lacerta 
an attempt to arouse the male. Mating in Iguana occurred most often 
with a female which did not practice these movements and most species 
of Lacerta mate successfully without recourse to these “signals.” Any 
movement is apt to attract the attention of other lizards but it does not 
appear that tapping movements form an essential part of the courtship 
of any species. 

A \eiy different type of female display has been reported in Chalarodon 
madagascariensis . The males display with swollen throats and erected 
dorsal crest very much as in Leiocephalus . Further, the rivals place 
themselves broadside to one another obviously to bluff in the manner of 
other iguanids. However, the females are reported (Petit, 1928) to 
run “exhibiting their cloacas to the following males. If the males ap- 
proach, they stop, supported on their forelimbs ; they pull up their hind 
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legs and remain motionless with tail curled forward’* (translation). 
There is much in this description which is suggestive of the hunch pos- 
ture of the female of Sceloporus mdulatus , but Petit does not speak of 
the posture as optional in Chalarodon. Here is a case where a laboratory 
check on the field observations would have yielded interesting results. 
With the data available we can neither affirm nor deny that this posture 
may aid sex recognition. However, it may be assumed from Petit*s 
account that color is primarily used in Chalarodon to bluff males and 
not to attract females. 


Agamidje 

PUBLISHED OBSERVATIONS ON VARIOUS SPECIES 

We have had no opportunity to make original observations on this 
family of lizards although many species in the group exhibit bizarre 
forms of sexual dichromatism well worthy of study. The family is allied 
to the Iguanidse and it is interesting to find that all species, so far as 
known, employ the neck bite as a method of holding the female. Both 
Annandale (1900) and Smith (1915) have described the male in the field 
as advancing toward the female, bowing and nodding. The latter ob- 
server describes the female as responding to this nodding performance 
but, as we have stated above, head nodding is not limited to courtship 
in any agamid or iguanid. Annandale found that when a male is killed 
while displaying, his place is soon taken by another. This strongly sug- 
gests that each male dominates a particular territory. Grijs (1901) ob- 
served that males of the same species fought continuously in the terrarium 
and could not be maintained together. Annandale (op. cit.) speaks of 
the bright colors in another agamid lizard as “primarily a sexual attrac- 
tion.” Very recently Mertens (1931) has observed the brilliant flying 
dragon, Draco volans reticulatus , in the field and has noted that the male 
frequently expands his yellow dewlap. Mertens, like many previous 
writers, states that these movements are produced with the definite inten- 
tion of attracting a female. As we have pointed out above, no proof 
of this contention has ever been presented. On the other hand, our 
laboratory observations on the Iguanidse clearly show that the greatest 
displays are used to blufi possible rivals. We may, therefore, assume that 
the bright colors of the male Calotes and Draco serve primarily as bluffing 
devices which, in the first genus at least, aid the males in maintaining 
definite territories. 

Annandale (op. cit.) credits the Malays with the opinion that the 
agamid Liolepis hellii is monogamous and adds that adults are often 
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taken in pairs. Newman and Patterson (op. cit.) found that the Scelo - 
poribs floi'idanus spinosus , although living in pairs during most of the 
year, changed territory and mates in the spring. It is, of course, possible 
that the instinct to hold to one territory would be sufficiently strong to 
keep a pair together for a more extended period. As a matter of fact 
this appears to be true of Zonurus catapliractus as described by Peers 
(1930). This species lives in isolated pairs in rock crevices. Peers fre- 
quently found several generations of young in a single crevice with the 
parents. Never was there more than a single pair of adults in one re- 
treat. It is interesting that this species, which shows a closer approach 
to monogamy than any other known lizard, has very little sexual differ- 
ence in color. Peers describes the male as holding his head in such a 
way that his bright chin would be visible to the female but this modest 
display does not compare with that of many agamids that are not known 
to live in pairs. 

COURTSHir BEHAVIOR OF AGAMA COLONORUM 

The common African lizard, Agama colonomm , is presumably closely 
related to Calotes versicolor and yet its courtship activities are apparently 
distinctive. The species, as reported by Lamborn (1913), is apparently 
gregarious in the sense that several females live within the territory of 
a single male. Lamborn did not mark the lizards which he found in these 
territories but he gives his “opinion that these females look to one lord 
and master only and that every such family is to be found day after day 
in one particular locality.” He describes certain adults coming back 
nightly to particular sleeping places but adds : “The young lizards wan- 
der to a far greater extent, not attaching themselves to any particular 
group.” Although such a “harem” system might develop in any group 
of vertebrates in which the males dominate particular territories, Lam- 
born goes farther and credits the females with endeavoring to attract the 
males. He states : 

The male’s responsibilities seem to be in excess of his capacities, so that the 
females are forced to resort to various artifices to secure their share of his 
attentions. This solicitation usuaUy takes the form of running up to the 
male, elevating the tail in front of him and turning it to one side, but even 
then he frequently responds by biting the importunate female. If she runs 
away, however, he will sometimes pursue, and unless she allows herself to be 
caught too readily, her end may be attained. I am sure that this little 
manoeuvre does act as an incentive to the male. 

Lamborn does not state how many times he has observed the manoeuvre. 
Many lizards raise the tail and turn it to one side in non-sexual situations. 
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Until more details are forthcoming we may assume that Lamborn has 
not proved his case. Other species of lizards have been reported to em- 
ploy attracting devices but, as stated above, the evidence on which these 
assumptions were made is very limited. 

On the other hand, the published accounts of courtship when given 
in great detail usually contain some reference to the bright colors as 
frightening devices. For example, Kinghorn (1931) describes a mating 
Amphibolurus barbatits which rushed at him, at the same time giving a 
great show of color. The female, which lay prostrate on the ground, did 
not show the slightest interest m his performance. This included not 
only a dazzling color display but also a loud stamping of the forelegs. 
When the female did not respond to a performance carried on only two 
feet in front of her head, the male flung himself on her back and secured 
a grip on the nape of her neck. This observation is in agreement with 
our laboratory studies on other lizards. It is the lizard which does not 
flght back that calls forth the mating response in the male. Female 
posturing has not been definitely proved in any lizard to have speeded 
up sexual union. 

SciNCIDJS 

OBSERVATIONS ON EUMECES FASCIATUS AND E. LATICEPS 

Many species of scincids exhibit a sexual dichromatism but this is 
usually not pronounced. Further, few are adorned with gaudy colors 
or are able to undergo rapid changes in tone. We might expect from 
what has been said above that they would make little attempt to bluff 
rivals. W T e have kept three species of Eumeces under observation for 
several months. As in most other lizards, the males alone fight. They 
attack one another with vigor, snapping at the snout of their opponents. 
When a male is attacked, he turns and with open mouth darts at the head 
of his annoyer. Females, according to our observations, always run away 
and hide. The struggles among the males are contests of strength and 
perseverence. There is never any flattening of the body and broadside 
approach as there is in the brilliant male iguanids. Correlated with 
this different method of fighting, male Eumeces when full-grown have 
a larger head and more powerful jaw muscles than lizards such as Leio - 
cephalus, which lay so much emphasis on bluffing. 

We observed eighteen copulations of Eumeces fasciatus and the closely 
allied E. laticeps. W 7 hen we began our studies, the two species had not 
been clearly distinguished in the herpetological literature and we con- 
sidered them one form. In later studies, where we distinguished the 
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two forms, no difference in behavior was noted and hence, for our pur- 
poses, they may be considered one form. Four of these copulations were 
with other males, nine with females and five with individuals whose sex 
was not determined. We observed eight courtships which did not end 
in copulation and six of these were with males. It, therefore, seems cer- 
tain that male Eumeces , when maintained under the conditions employed 
in these studies, frequently cannot distinguish other males from females. 

Only four to twelve lizards were kept together in a cage and each had 
a run of several times its own length. Although the conditions would 
not be described as crowded, they do not accurately represent the condi- 
tions under which the lizards live in nature. We have never seen in 
nature as many as half a dozen individuals of Eumeces living within a 
few square feet of space. Probably the males mark off territories as do 
other lizards but no field studies have established this fact. All that can 
be said at the present time is that, when several individuals of opposite 
sex are forced to live together within small confines, the males frequently 
copulate with other males. This seems to occur because the attacked 
lizard under these conditions fails to fight back with vigor. 

Preliminaries of Courting 

There is a marked difference between the approach of a male intent 
on copulating and one which is in the fighting mood. This suggests 
that males drive other males from their territories at one time and copu- 
late with the non-resisting females that chance to enter these territories 
at other times. In the laboratory we have noticed on three occasions 
the male rubbed his cloaca on the ground as in Ameiva before seeking a 
mate. In one case a male scratched the ground nervously first with one 
hind leg and then with the other before starting out to court. Eumeces 
keeps under cover more than most lizards and this may be the reason 
that these preliminaries to mating were not observed more often. An- 
other preliminary was noted once, and may have occurred in others: 
the male vibrated the end of his tail and looked about in search of a mate- 

Subsequent Behavior 

The next phase of courtship is very diagnostic. The male approaches 
any lizard of his own species near at hand and, instead of rushing at its 
head in the manner of a fighting male, he turns his head sharply and at- 
tempts to nip the other lizard on the side of the neck. If the approached 
lizard is a male, he opens his mouth and attempts to avoid these thrusts. 
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The courting male usually persists and together the pair circle about the 
cage, the bite of the male always directed at the other’s neck. 

The male Eumeces never takes a dorsal position nor rides on his mate’s 
back as in the Teiidae. He walks or runs beside her trying to secure the 
neck grip. When he finally secures a firm hold directly behind the ear 
opening, he begins to work his tail under hers to bring their cloacas to- 
gether. This movement is accomplished by his placing both fore and 
hind feet of one side on the back of his mate (Fig. IB). His weight is 
thrown on the two other legs, which remain on the ground. There is 
never any leg rubbing and it may be noted that these skinks have no 
femoral organs. There may, however, be considerable struggling dur- 
ing which the male presses down with his legs or moves his legs to pre- 
vent his mate from slipping away. As soon as the mate quiets and the 
cloacas have been brought in contact, the male protrudes the hemipenis 
on the side adjacent to the female. As he extends it, he pushes forward 
with his cloaca and pulls backward on the female’s neck. The pair then 
usually lies quiet for a few seconds but in one case this extended over 
three minutes. Suddenly the male begins rhythmical forward and back- 
ward motions of his pelvis, causing the inserted hemipenis to move slightly 
in and out of the female’s cloaca. These movements resemble those of 
Cnemidophorus but the motion is slower and the highly vascularized base 
of the hemipenis is usually visible. 

If the female starts to move away, the male discontinues these rhyth- 
mical movements but retains his position on his partner’s back. When 
the mate becomes quiet again, the rhythmical movements are res um ed. 
These movements cause the side of the male’s tail posterior to the cloaca 
to rub the ventral surface of the base of the female’s tail. On two 
occasions the male retracted his hemipenis and began the rhythmical 
motions again while maintaining his grip on his partner’s neck. The 
female remained quiet and it is possible that the rhythmical pressing 
of the male’s tail base against that of the female served to quiet her. 
This false copulation once occurred after a six-minute copulation with 
a female, during which rhythmic movements lasted two minutes. An- 
other such performance occurred after a seven-minute copulation with 
a male, during which rhythmic movements were observed for one minute. 
Rhythmical movements, therefore, occur whether or not the hemipenis 
of the male is withdrawn from the cloaca of the partner. 

In the eighteen copulations of Eumeces fusciutus witnessed by us the 
coitus lasted from four to eight minutes while courtship required from 
five to seven minutes. 
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Burt (1928) has described the copulation in Eumeces obsoletus . It 
agrees essentially with that of E. fascial us except that no rhythmical 
movement* of the pelvis occur. We have witnessed one courtship and 
another mating in this species. The courtship was evidently between 
males since they circled the cage endeavoring to secure the neck grip 
on one another. The mating was with a female. Coitus lasted three 
minutes, while Burt (op. cit.) gives about four minutes for his record. 

In conclusion we give the records of one mating in Eumeces fasciatus as 
observed by us in the laboratory. This may be considered typical of the 
genus although it differs from the above description in a few details. 

A Typical Mating of Eumeces 

March 30, 1931. Boom temperature 82° F. 

In the morning a small male of E . fasciatus attempted to mate with 
another that appeared to be a male. At noon another small male only 61 
mm. in head and body length seized a female 6 1 mm. in head and body 
length on the back just above the right arm. This was apparently a case 
where the male failed to secure his usual grip on the side of the neck. The 
male's head was only slightly red, not strikingly different from that of the 
female. The female struggled but the male shook the female, carrying her 
body from side to side at the rate of approximately three twists a second. 
There was at least a dozen of these movements. While thus engaged the 
male did not move his pelvis from side to side nor vibrate the end of his 
tail. When the female gave up struggling, the male pushed his tail under 
that of his partner from the right side, at the same time keeping his left 
leg firmly across her back. There were no rubbing movements of either 
leg. lie supported his weight on his two right legs, while his two left legs 
pressed her down. He then directed his cloaca forward until it nearly met 
hers. At this moment his left hemipenis was partly everted and he thrust 
it forward as it entered her cloaca. While the distal half of the hemipenis 
was enclosed by the cloacal lips, the base was clearly visible to the observer. 
Both lizards ceased to struggle and there was no movement for three or 
four minutes other than the rapid respiratory vibrations of the two lizards. 
Soon the male began rhythmical forward and backward movements of his 
pelvis, while the anterior part of his body remained still. His left leg 
firmly gripped the partner’s back and moved slightly backward at each 
forward movement of his cloaca and in the reverse direction at each back- 
ward movement of the same. His tail base was held against the base of 
the female’s tail and the cloacal movements caused it to rub her in that 
region. The cloacal movements continued for about two minutes. 
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Then the female began to move away and the male ceased his movements 
but retained his hemipenis within the female’s cloaca and his grip on her 
neck. A moment later the female stopped moving but continued to breathe 
heavily. Slowly the male withdrew his hemipenis, retracting it within his 
tail base. The same rhythmical movements of the cloacal region began 
again and the base of the male's tail rubbed that of the female as before. 
She did not move as these continued for two minutes. The male then 
released his neck grip and the female moved slowly away. The male re- 
mained behind and did not move while the female was picked up, sexed 
and measured. Microscopical examination revealed sperm in a cloacal 
smear taken from the female. 

Although the mating of no other scincid is known in this detail, it is 
probable that all species of the family conform to this behavior pattern. 
Tischer (1882) has described the male Gongylus ocellatus as securing a 
grip on the ear region of the female. Tiliqua scincoides grasps the female 
by the back of the neck (Senftleben, 1914) and apparently throws his tail 
under hers. The enlarged scale found by Gandolfi (1907) on the soles of 
the hind feet of Lygosoma smaragdinwn may serve to hold the female down 
as no scincid has been reported to practise rubbing movements. 

Angcjidje 

We have had the opportunity of keeping very few anguids in our observa- 
tion cages and only in one case did we observe any behavior which might be 
interpreted as courtship. On several occasions we observed a male Celestus 
cosiatus seize a female’s snout in his jaws. The pair would then walk side 
by side around the cage, the male retaining his grip on the female’s head 
and occasionally scratching her back with the claws nearest to her. At 
other times he would snap his body in an arch over hers while maintaining 
his grip on her snout. This tendency to encircle the female’s body is 
suggestive of the courtship of the Teiidae but the grip was never inguinal as 
in that family. 

THE MATING OF AXGUIS IS LIZATtD-LIKE, NOT SNAKE-LIKE 

One male retained his grip on a female from three o’clock one day until 
noon the next. This prolonged hold on the mate may be an anguid char- 
acteristic. Meyer (1874) reported that the male Anguis fragiJis seizes 
the female violently by the back of the head with his teeth and remains for 
several hours with his cloaca adpressed to that of the female. Klingelhoffer 
(1931), however, gives the time as approximately half an hour. Unfor- 
tunately we never witnessed a coitus in our courting Celestus and it may, 
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in fact, never have occurred. Hence we cannot be sure that the behavior 
described above is a part of the normal courtship of Celestus . 

It may be emphasized that Anguis fragilis in spite of its snake-like form 
does not mate in the manner of snakes. During copulation it retains the 
neck grip which is the most widespread posture among mating lizards. 
Although a few snakes have been reported to seize the female in their 
mouth, rubbing and entwining movements form the greater part of their 
courtship. Such body movements are unknown in lizards. According to 
Klingelhoffer the body of Anguis fragilis is bent in a semicircle during 
mating. Although Anguis has undergone extreme specialization of body 
form, it retains the mating habits of other primitive families of lizards. 

Other Families op Lizards 

In the scattered literature dealing with the behavior of lizards in cap- 
tivity there is frequent brief reference to mating. Werner (1893) makes 
it clear that Varanus griseus seizes the female by the neck. This ap- 
pears to be the copulation posture assumed by the majority of lizards. 
As we have shown above, where divergencies from this pattern occur, 
they are usually common to natural groups of species. 

THE MATING BEHAVIOR OP CHAMELEONS 

There is at least one other copulation posture found in a natural group 
of lizards which we have not mentioned above. The true chameleons 
of the Old World have specialized for arboreal life and their feet and tail 
are highly prehensile organs. Klein (1931) has recently described the 
copulation in Chamaeleon chamaeleon. The male seized the neck of the 
female in his teeth and released the grip as soon as he had secured a firm 
grip with all four feet on her body. Chamaeleon calcaratus apparently 
seizes the female directly with all four legs (Trench, 1912). Long ago 
Fischer (1882) gave an extensive account of the mating in Chamaeleon 
chamaeleon. In this case the male, which Fischer described in great detail, 
did not use its teeth but followed the female about until it caught her 
with one front foot in the neck region. Whereupon he placed his other 
fore foot on the back of the female while his hind feet embraced her 
knee and tail. The female struggled and attempted to free herself by 
dragging the male about the cage. During copulation, which lasted from 
a few seconds to fourteen minutes, there were “erotische Bewegungen.” 
It is possible that it will be found that some other lizards, such as Phry - 
nosoma, have given up the use of the jaws in holding the female, but the 
chameleon’s method of using its limbs is very different from that of other 
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lizards and would only be possible in a species with highly prehensile 
appendages. 

The true chameleons are notable for their remarkable color displays. 
It is, therefore, of interest to inquire further into the known facts of 
their courtship, for, if color is of value in stimulating the female to mate 
or to find males, as previous authors have suggested in the case of other 
gaudy lizards, we should see some evidence of it in this group. We may 
follow first Fischer’s (op. cit.) account, which is not only one of the 
oldest but one of the most detailed. As the breeding season approaches, 
the chameleons, which have been living peacefully together, become very 
pugnacious. They inflate their bodies, lift themselves on stiff legs and 
rivals advance broadside toward each other. This is not mere bluff, for 
they butt severely with the sharp edges of their casques. It may be 
noted that the only lizards which have been reported to butt with their 
heads during fights have heads ideally built for this function. Iguana 
assumes a butting attitude and has a rounded, heavily scaled forehead. 
Chameleons which give vicious head thrusts either have sharp edged 
casques or various types of horns. In (7. owenii the males have three horns 
on the upper surface of the head and these have bony cores, which are 
ankylosed to the skull. 

C. cliamaeleon without the horns and with only the bright color and cas- 
que for fighting equipment is, however, able to hiss loudly on both inspira- 
tion and expiration. Fischer makes it clear that it is the male which 
seeks the opposite sex. He describes males intent on mating following 
every animal that comes in their way without regard to kind or size. 
One male followed a Clemys, 5 cms. long, into the water, seized it with 
his forefeet and pulled it out of the water. He also attempted to mate 
with agamids and skinks. In any lizard which has such poor powers 
of discrimination the males would frequently mate with other males 
were it not that the male, when approached during the breeding season, 
responds with the fight reaction. 

Fischer (op. cit.) does not describe the female Cliamaeleon as showing 
a sexual interest in the male. Klein (op. cit.) gives a detailed account 
of the beginning of courtship in C. cliamaeleon. The male "was sitting 
quietly on a branch when suddenly, contrary to its usual demeanor, it 
turned toward the large specimen with a lizard-like quickness, lashing 
its curved tail in the air, threw itself rapaciously upon the large animal 
and with its teeth seized the victim by the neck. . . ” (translation) . 

Copulation followed as soon as the male had secured a firm grip with its 
four limbs. From this description it is clear that the male makes no 
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attempt to arouse the interest of the female before mating. As in other 
lizards, the color display is reserved for the fights. Some female chame- 
leons (Fischer, op. cit.), like some Leioceplmlus , are able to fight but ap- 
parently a fight reaction is not usually aroused in them by the advances 
of a courting male. 

Loveridge (1923) has described a female Chamaeleon dilepis as gently 
biting the male but, as this lizard had its hind limbs and part of the tail 
partially paralysed, the gesturing may have been as Loveridge writes 
"somewhat abnormal.’ 5 

Unfortunately no data is available as to the territories occupied by 
chameleons in the field. Since the males are pugnacious they probably 
do not tolerate other males in their immediate vicinity. 

THE FUNCTIONS OF BEIGHT COLORS IN CHAMELEONS 

The bright colors of chameleons have a wide variety of functions be- 
sides those of display. Color change is rapid and many of the tones are 
highly protective to a lizard living on an exposed tree. Color change 
is induced by a variety of external and internal conditions. It is a 
significant fact that fighting chameleons turn their colorful sides toward 
opponents, while courting males do not give the females equal opportu- 
nities for gazing upon the bright tones which their excitement may have 
induced. We may conclude that in the chameleons a color display does 
not represent a method of sex attraction but it facilitates sex recognition 
by aiding males in repelling other males. 

THE FIGHTING BEHAVIOR OF GECKOS 

Not all lizards show a sexual dichromatism. Those which have suc- 
ceeded without this bluff mechanism in the male are often persistent 
fighters. This is especially true of the nocturnal geckonids. Fischer 
(188 7) has given a vivid description of the fighting between the males 
of several genera. Geckos apparently have well defined territories even 
in the terrarium. Fischer finds that a male Hemidactylus or Gymnodac- 
tylus placed in a cage already occupied by these geckos is relentlessly at- 
tacked by the occupants of the cage. 

Geckos, like many other nocturnal creatures, are endowed with a voice. 
They give vent to various sounds while fighting. Possibly these cries, 
like the hissing of chameleons, can be considered a terrorizing device. 
Loveridge (1923) heard the cry of a gecko and, immediately following 
the sound, he saw a pair of Hemidactylus mabonia mate. However, Par- 
shad (1916) witnessed the mating of Hemidactylus flaviviridis under 
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especially favorable circumstances but heard no vocal display. It is an 
attractive hypothesis that nocturnal geckos, like nocturnal frogs, call the 
females to them from afar. Unfortunately, while the movements of a 
female frog toward a calling male have been watched, no such observa- 
tions have been made on geckos. In fact, the whole mating process in 
geckos is poorly known. 

THE COURTSHIP AND MATING OF GECKOS 

Geckos are primitive lizards and it is not surprising that all species, so 
far as known, seize the female by the neck in order to copulate. In He mi- 
dactylus flaviviridis according to Parshad (op. cit.) there is more of a 
courtship than has been described in any other lizard. In the one mating 
which Parshad observed in detail the male moved around the female in 
circles, frequently touching her with his head or tongue. When the female 
turned her head toward the male, he secured a firm hold. The female 
apparently voluntarily raised her tail, permitting the male to bring the 
cloacal apertures together. Mertens (1929) also described in Ptychozoon 
IcvMi a prolonged performance which had the appearance of courtship 
although it did not end in copulation. The male moved his tail in a 
peculiar manner and gave short cries. The female also moved her tail 
in a lively manner apparently in response to his actions. 

It is possible that geckos, being chiefly nocturnal creatures, have built 
up a type of courtship different from all other lizards. However, the 
copulation posture is the same as in other primitive lizards. The mating 
of the brilliant diurnal geckonids is still unknown and except for Par- 
shad's single observation the early stages in the courtship of no gecko 
has been described. 

SUBCAUDAL SACS OF CERTAIN GECKOS 

Observations on the courtship of geckos may shed light on a peculiar 
secondary sexual character whose function at the present time is un- 
known. So long ago as 1876, Wiedersheim observed a pair of gland-like 
orifices on the ventral surface of the tail base of Phylloductyluf eu ropaeus, 
which he briefly compares to femoral organs. Homologous structures 
are found in many genera of gekkonids and have been well figured by 
various investigators such as Taylor (1922). Very few students men- 
tion these structures by name, and none, so far as we are aware, have 
discussed their probable function. Deraniyagala (1932) states that in 
Hemidactylus brooki the "two subcaudal glands are conspicuous.” We 
have studied these structures in this species and in living Tarentola, 
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Thecadactylus and Coleonyx . They are absent in SpliaerodactyluSj Aris- 
tellxger, Aristelligella and some other genera. 

We have studied sections of the subcaudal sacs in PTiyllodactylus euro- 
paeus and Coleonyx variegatus and have seen no evidence of glandular 
activity in the squamous epithelium lining each sac. The sacs are much 
larger in the male than in the female of all geckonids we have examined. 
In Thecadactylus rapicaudus, Tarentola mauritanica and probably in other 
species the lining of the sac is shed with the remainder of the skin at the 
time of molting. 

A clue as to the probable function of the sacs was obtained in a series 
of healthy Tarentola mauritanica. Rubbing the lateral margins of the 
caudal lip of the cloaca of either sex with a dull instrument will cause 
both sides of this lip to be drawn caudally. In the male it also causes the 
posterior part of the skin inside the sac to be drawn caudally and at 
the same time the orifice of the sac is opened widely, the cavity extending 
caudally and slightly dorsally. The fact that the loose skin, present 
inside the sac in males, can be pulled out of the sac without causing any 
reaction on the part of the lizard leads us to believe that the sac has no 
sensory function. Immediately upon touching the caudal cloacal lip this 
skin is jerked inward and caudally, and the orifice gapes widely open. 
Once open, the sac does not immediately close, although the cloacal lips 
may relax. The orifice of the sac will close suddenly if the animal is 
touched or pinched in other parts of the body, or even on the tail in the 
vicinity of the sac. 

In this and some other geckos there is a bone transverse to the tail lying 
on the anterior margin of each sac. One of us (Noble, 1921) has given 
the structure the non-committal name of “cloacal bone” since it is present 
in some forms which lack the sacs. The bone in the male Tarentola 
apparently aids in making the orifice gape widely. In the female rubbing 
the lower lip of the cloaca brings only the response of drawing back the 
sides of that lip and so closing the small orifices present. Hence, it would 
appear that these are rudimentary structures and probably without func- 
tion in the female. 

In the mating of Eumeces fasciatus , a lizard whose copulation pos- 
ture is the same as that of the gekkonids, it was pointed out that the male 
may continue to press rhythmically the ventral surface of his tail base 
against that of the female even after his hemipenis has been withdrawn. 
During this false copulation the female remained quiet. In Tarentola 
a similar movement would cause the subcaudal sacs to gape open, pro- 
ducing a slight vacuum. Such action would probably have the same 
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stimulating effect as the rhythmical movements in Eumeces. It is, there- 
iore, highly probable that the subcaudal sacs are stimulating organs 
which tend to quiet the female during the act of copulation. 

SEXUAL SELECTION IX LIZARDS 

It has been shown above that lizards of several families, when kept 
in good health in large laboratory cages, court and frequently copulate 
with other males. Since the cloaca of a male lizard permits the insertion 
of the hemipenis of another male, there is no structural hindrance to 
this performance. The only mechanism which is present to prevent males 
copulating with other males as frequently as with females is that males 
when meeting each other during the breeding season tend to fight. The 
result is that males tend to occupy discrete territories, which are diffi- 
cult to recognize in the laboratory but which have been described m the 
field. In the laboratory, males of species such as Ameiva which seldom 
fight or do not fight at all, copulate with other males. But even species 
such as Anolis, which fight nearly every day, average a high percentage 
of homosexual unions. This is apparently due to the fact that in the 
confines of a laboratory cage the seized male does not have time to ad- 
vertise his sex by a defense reaction against the aggressive male or by the 
fact that in some cases he is too weakened to do so. 

THE FUNCTION OF BRIGHT COLORS IN THE HALES 

The bright colors of many male lizards have been shown above to func- 
tion not in stimulating females to breed but in frightening away rival 
males. In those species which have gaudy males there is never an ex- 
treme display before the female. Such displays are reserved for the 
fights during which the male frequently walks sideways toward his 
opponent, flattening his body in a vertical plane and often erecting fleshy 
crests or dewlaps to their maximum extent. Bobbing or “hobby horse’* 
movements, such as those of Leiocephalus , often make these displays seem 
ludicrous. Nevertheless the bluffing is effective, for some of the most 
ornate males rarely have to use their teeth in driving away a rival. Con- 
versely, the males that are not bedecked with bright colors do not com- 
press their bodies or keep themselves broadside to their opponent when 
making an attack. They use their teeth to good advantage on such occa- 
sions. 

Sexual displays of color or movement frequently call forth similar 
displays in nearby males but females in all the species studied by us in 
the laboratory remain unmoved by these performances. Our work was 
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carried forward with five species of Anolte, two of Leiocephalus, two of 
Amelvd, two of Eumeces, one of Cnemidophorus and one of Scelopoins. 
We could secure no evidence of their being attracted by either the extreme 
fight displays or by the less complete demonstrations of color, movement 
or size which sometimes precede courtship. 

The evidence for these statements is to be found in the foregoing sec- 
tions. Since females are not attracted while males are definitely repulsed 
by color displays, it follows that female choice has played no part in the 
genesis of male adornment. The extreme specialization of color in male 
lizards would seem to owe its origin to the conservation through natural 
selection of those males that could most successfully bluff their rivals. 
Natural selection would tend in time to give strength or size to the males 
in those groups which attack with teeth, and it would enhance the color 
or other bluffing devices in the males of those groups which rely to a large 
extent on being able to frighten their rivals. 

DEFENSE OF TERRITORY DURING TIIE BREEDING SEASON 

Field studies have shown that many lizards live in circumscribed terri- 
tories which the males defend during the breeding season. Newman and 
Patterson (1909) found that in one species of Sceloporus the males wan- 
der during the breeding season and take up new territories where they 
remain during most of the year. A female may remain with the male 
in this territory but, to judge from the behavior of lizards in general, 
there is no reason to assume there is any psychical bond which holds the 
pair together. It is more likely from the data presented above that, since 
the female does not fight, she does not call forth the fighting response when 
the male chances during the breeding season into her territory, or she 
into his as the case may be. Consequently, they are able to live together 
in peace, which breeding males of most species of lizards are unable to do. 
Once the season has passed, the pair settles down to live in the nearest 
suitable territory. In at least one species of lizard the young also remain 
in restricted territories until sexual maturity, and here the tendency of 
lizards to remain on familiar grounds must be strongly developed at 
an early age. 


THE COURTING AND THE FIGHTING REACTIONS 

The courting behavior of lizards, as pointed out above, is a very stereo- 
typed performance, often diagnostic of natural groups of genera. It is 
not to be confused with the fighting reaction, which is less stereotyped and 
often more spectacular. The courting and fighting reactions usually do 
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not follow each other closely although we have pointed out some excep- 
tions. The winner of a fight never copulates with the male he has con- 
quered although he may later, when dominated by the mating instincts, 
copulate with the same male if the latter does not defend himself ade- 
quately. The fighting response leads, therefore, to an acquisition of 
territory, not of a mate, while the courting reactions lead to the securing 
of a mate, which would be of the same sex as the master of the terri- 
tory were it not for the fact that males usually respond to the attack 
of another lizard with tfie fight response. 

THE FAILURE OF AMEIVA TO EXHIBIT THE FIGHT REACTION* 

Of the several genera of lizards studied by us in the laboratory only 
Ameiva fails to exhibit the fight reaction. "Whether males of this genus 
frequently mate with other males in nature is not known, but it is pos- 
sible that with a larger area of escape they would be better able to avoid 
the advances of other males even though they do not fight. 

From the data at hand we may assume that sex recognition is accom- 
plished in Ameiva by trial mounting. Some mammals such as the guinea- 
pig (Loutitt, 1927) may determine whether the female is in oestrus by 
trial mounting but sex discrimination is made usually before mounting. 
Since Ameiva will copulate with immature females and with males, there 
is obviously no oestrus in the sense of a response on the part of a female 
before copulation can occur. Sex recognition in most lizards is accom- 
plished merely by response of an approached individual to the aggression 
or partial display of a male. In Ameiva, if sex discrimination is made at 
all, it probably rests on the ability of the male to better defend himself 
against copulation. 

THE MATING BEHAVIOR OF LIZARDS COMPARED WITH THAT OF BIRDS 

The mating behavior of lizards has a considerable resemblance to that 
of birds, especially to those with definite territories. In both, the males 
migrate during the breeding season into new territory, which they defend 
against rival males. The females that enter this territory are not mo- 
lested. Only later do the courting reactions develop. How much later in 
lizards is not known in detail. A fundamental difference between the 
mating of lizards and that of birds is that the male lizards can mate with 
females at any time their own mating instincts develop. There is no 
waiting for an oestrus in the female such as Howard (1929) described 
for birds. Another important difference, already noted above, is the 
ability of male lizards to copulate with other males. This they do fre- 
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quentlv in the laboratory but it has not yet been reported in nature and 
probably for the good reason that matmgs are seldom seen with any 
detail under natural conditions. The most significant difference is that 
lizards reserve their extreme displays for fights and not for courtships. 
Hence, in lizards natural selection has improved sexual differences in 
color to aid in bluffing rival males and not to help in stimulating the 
females to mate. 

FORM AND FUNCTION OF THE HEMIPENIS 

It has been shown above that natural groups of lizards are in many 
instances characterized by a single type of copulation posture. The 
form of the hemipenis has also been claimed to define natural groups 
(Cope, 1900). It would seem to follow that a particular type of hemi- 
penis was correlated with a particular mode of mating. We have shown, 
for example, that Ameiva and Cnemidophorus have the same method of 
copulation, which is readily distinguished from the modes practised by 
lizards of other families. Burt (1931), the most recent reviewer of the 
latter genus, comments : 

There is apparently no difference in the penial structure of Cnemidophorus 
and Ameiva. 

SPECIFIC AND GENERIC VARIATIONS IN THE FORM OF THE HEMIPENIS 

We have studied the hemipenes of a series of lizards injected with salt 
solution and fixed in 10 per cent formalin. As shown in Figs. 10 A and E, 
we find a considerable specific variation of the form of the hemipenis 
within the genus Ameiva and a marked difference between the hemipenis 
of Ameiva chrysolaema and Cnemidophorus sexlineatus . The hemipenis 
of A. chrysolaema has a superficial resemblance to that of Lacerta ocellata 
but, instead of there being a triangular welt of dense tissue at the distal 
end of the sulcus spermaticus, there is a bilobed welt on each side in the 
same position. There is a series of transverse folds on the hemipenis of 
both species but these are larger in Ameiva and they extend farther proxi- 
mally toward the base of the organ. 

In Ameiva exsul the larger and more proximal of the lobes of the ter- 
minal welt is emarginate, with the result that there appear to be three 
welts at the end of the sulcus on each side. On the opposite side of the 
hemipenis there is a longitudinal depression free of transverse ridges. 
In Ameiva maynardii this area is better marked off as a distinct furrow 
devoid of transverse ridges. The terminal welt is more distinctly tri- 
lobed. In the series Ameiva chry$olaema-ex$yl-ma,ynardii there is a pro- 
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Figure 10. — The hemipenes of telid lizards. 

A. — -Cnemidophorus sexlineatus, mesial aspect, sulcus spermaticua in 
the midline. 

B. — Cnemidophorus sexlineatus, lateral aspect. 

C. — Ameiva maynardii , mesial aspect. 

D. — Ameiva maynardii, lateral aspect. 

E. — Ameiva ohrysolaema, mesial aspect. 

F. — Ameiva chrysolaema, lateral aspect. 
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gressive tendency toward the formation of a three-lobed welt at the end of 
the sulcus spermaticus and a groove devoid of cross ridges on the opposite 
side of the hemipenis. 

In Cnemidophorus sexlineatus the transverse ridges are arranged in a 
series of everted v’s (Fig. 10B) and the groove is better defined than in 
Ameiva, The head of the hemipenis appears to be deeply folded. This 
is not due to the fact that the hemipenis is not fully distended. When 
the head is dissected, the two lateral prominences are found to be formed 
by a pair of tubercles separated by a groove from the medial pair. The 
two pair do not form part of a fibrous welt as in Ameiva. There is, thus, 
a fundamental difference between the head of the hemipenis of Cnemi- 
dophorus sexlineatus and that of any of the species of Ameiva which we 
have examined in injected material. 

It seems to us that this fact is of considerable significance and for two 
reasons : in the first place, Ameiva and Cnemidophorus are known to be 
closely related and yet they may differ considerably in the form of their 
hemipenis ; in the second place, Ameiva and Cnemidophorus presumably 
sprang from a common ancestor and, while various structures such as 
the tongue and hemipenis have undergone morphological change, the 
mating pattern has nevertheless remained practically the same. In- 
herited habit may, therefore, be less liable to evolutionary change than 
many structural characters. 

FORM IN RELATION TO FUNCTION 

In the Iguanidse there appears to be some correlation between the form 
of the hemipenis and its function. In Anolis , which usually retains its 
position of coitus longer than do the other species of this group, the head 
of the hemipenis is broader in relation to the base than in any of the 
other iguanids studied. Further, there are numerous transverse ridges, 
which would presumably tend to retain the hemipenis within the cloaca 
during copulation. Cope (1900, p. 196) states in regard to the hemi- 
penis: 

The higher Sauria have the apical parts modified as in the OpMdia by the 
presence of calyculi. Such are characteristic of the Rhiptoglossa and Pachy- 
glossa. The Nycttsaura possess the same feature. The Diploglossa , HeUoder - 
matoidea, and Thecaglossa have the organ flounced, the flounces often pocketed 
or repand on the margin. 

As shown in Fig. 11F, there are many ridges on the hemipenis of 
Anolis although these tend to break up into a transverse pitting on the 
head. 
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IL-S e 

Figure 11. — Hemipenes of iguanid lizards. 

A. — Leiocephalus inaguae, mesial aspect, eulcus spermaticus in 
midline. 

B. — Leiocephalus inaguae, lateral aspect. 

C. — Sceloporus undulatus, mesial aspect. 

D. — Sceloporus undulatus , lateral aspect. 

E. — ■ Anolis carolinensis , mesial aspect. 

F. — Anolis carolinensis , lateral aspect. 

The two genera of iguanids studied by us which practice the shortest 
copulation have smaller heads to their hemipenes than do the other genera. 
It would seem that the plunger-like hemipenis of these two species was 
better fitted to be inserted and withdrawn rapidly than is the hemipenis 
of Anolis . In Gnemidophorus , however, the head of the hemipenis is also 
small and yet this lizard normally practices a long coitus. Hence, the 
correlation between the form of the hemipenis and the length of coitus 
applies only to the family Iguanidae. 
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THE HEMIPENIS OP IGUANID^J 


The hemipenis in the various iguanids studied exhibits a considerable 
variety of form in spite of the constancy in copulation posture exhibited 
by these species. In Anolis carolinensis on the side opposite the sulcus 
spermaticus there is a prominent swelling. In Sceloporus this swelling 
is replaced by a longitudinal strip of dense tissue. In Leiocephalus the 
same part of the hemipenis is covered merely with the honey-comb struc- 
ture found on most of the hemipenal stalk (Figs. 11B and 11D). Other 
differences appear in the apices of the hemipenes of the three species fig- 



FiGtrBE 12. — Hemipenis of Eumeces fasciatus. 


A. — Mesial aspect. 

B. — Lateral aspect. 


ured. Whether or not these differences have a systematic value will have 
to await the detailed study of the hemipenes in a large number of iguanid 
genera. 


THE HEMIPENIS OP SOINCJIM! 

Cope (op. eit., p. 617) states in regard to the Scincidse: 

I have examined the hemipenis in Trachysaurus, Lepidothyrte ( femandi ), 
Euprepes (cartnatus) , Eumeces and Mafouia. They are smooth and with more 
or less numerous longitudinal folds, excepting in Trachysaurus. 
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We have examined the injected hemipenes of two species of Eumeces , 
namely E . fasciatus and E. obsoletus. They are essentially alike and differ 
from the hemipenes of all other lizards employed in this study in being 
formed of less fibrous tissue on the side opposite to the svlcus spemiaticus. 
The head is proportionately large and a broad, heart-shaped pad of dense 
tissue covers it on the side of the sulcus spermaticus (Fig. 12A). Con- 
trary to Cope's statement there are no longitudinal folds in the fully dis- 
tended hemipenis but a series of transverse flounces are present on the 
side opposite the heart-shaped pad. These transverse ridges are better 
developed in fasciatus than in obsoletus . At the distal end of the stalk 
of the hemipenis is a prominent tubercle of soft tissue (Fig. 12B). 

In view of the fact that the hemipenal structure is known in so very 
few scincids it would be unwise to generalize, as Cope has done, regarding 
the systematic significance of these differences. It may be noted, how- 
ever, that the hemipenes of the Scincidse and Iguanidse are less complex 
than those of the Teiidse and Lacertidaa so far as known. Moreover, the 
mating behavior of the first two groups is more generalized than is that 
of the two latter families. 


CONCLUSIONS 

The courtship and mating of lizards is a very stereotyped performance, 
which has changed slowly in phylogeny. A single type of performance 
is usually found throughout a natural group of species or genera. 

The mating behavior develops spontaneously in males and is directed 
toward other individuals regardless of sex. Male lizards of most species 
fight during the breeding season, and this response of the male, when 
approached by another lizard, forms the basis of sex discrimination. 

Under laboratory conditions where an approached male does not have 
the opportunity of responding with a fight reaction, males frequently 
copulate with other males. Under these circumstances the pattern of 
courtship and of mating is the same as when a male mates with a female. 

The bright colors which adorn many male lizards do not serve as at- 
tracting devices as has been assumed hitherto. Neither females nor 
males are attracted by the displays. Bright colors have the important 
function of aiding in sham fights when the males attempt to avoid com- 
bat with rivals by making themselves appear as large and conspicuous as 
possible. The greatest displays of color are directed toward rival males, 
and not toward females. 
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Since male lizards of most species fight during the breeding season, 
lizards tend to live in definite territories during that season at least. 
Bright colors have aided in the maintaining of territory against rival 
males. 

Lizards which practice the same type of mating performance may have 
strikingly different hemipenes. The species, however, that have the more 
complex performances have the more modified hemipenes. 
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PBEFACE 


Bj E. P. Killip 

With the completion of their studies of cacti and the publication of the 
monograph "The Cactaccse,'’ Doctors N. L. Britton and J. X. Bose began 
the preparation of the Mimosaceae and Cacsalpiniaceae portions of the 
North American Flora. This work naturally involved a survey of the 
species of northern South America, in the course of which descriptions 
of several new species were drawn up on the basis of the collections of 
the many American botanists then exploring British Guiana, Venezuela, 
Colombia and Ecuador. An enumeration of the northern South Ameri- 
can species of these two families was contemplated. 

Dr. Eose died in 1928 and Dr. Britton continued the work. In 1931 
he invited me to join him in preparing an account of the Colombian 
species. The present paper was completed shortly before Dr. Britton’s 
death, in June, 1934. In making a final revision of the manuscript I 
have substituted, in five instances, conserved generic names for those 
used by Dr. Britton, and have inserted Latin diagnoses — both changes 
made in order to conform to the recently adopted International Eules 
of Botanical Nomenclature. I hate been tempted to use other names 
for the species that Britton, or Britton and Eose, had named in my honor 
as the collector but, in tiew of the fact that duplicate material of many 
of these had been widely distributed among herbaria, I have felt that only 
confusion would result if this course were followed. 
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INTRODUCTION 


Its geographical position, wide range in altitude and striking topo- 
graphical features combine to giie the Republic of Colombia a highly 
di\ersified flora. Situated in the northwestern comer of the continent, 
it alone of South American countries fronts upon both the Caribbean Sea 
and the Pacific Ocean. Its mountains reach heights of more than 18,000 
feet and, between sea lei el and the snowline, there are the dense forests 
of the tropical and subtropical zones, the temperate vegetation and the 
alpine flora of the higher mountain plateaus, called in the Andes ‘paramos. 

Just north of the Ecuadorean boundary the Andes divide into three 
well-marked, nearly parallel cordilleras, of which the Eastern in turn 
forks near Bucaramanga, one branch extending due eastward into Vene- 
zuela, the other running a short distance northward in Colombia; the 
Central and the Western cordilleras continue northward until they slope 
down to the Caribbean coastal region. These main cordilleras are sepa- 
rated by two great river valleys, the Magdalena, between the Eastern and 
the Central ranges, and the C'auea, between the Central and the Western. 
In the extreme northeastern comer of the country lie the isolated Santa 
Marta mountains. The southeastern part of the republic, constituting 
nearly one-half the total area of the country, lies in the basins of the 
Amazon and the Orinoco rivers. 

Botanical Exploration in Colombia 

Botanical exploration in Colombia has been extensive but, though our 
knowledge of certain areas is fairly adequate, many portions are still 
imperfectly known. -The greater part of the collecting has been done 
in the Bogota and Popayan regions, in the Magdalena and Cauca valleys, 
and in the northern coastal area. The vast stretches east of the Eastern 
Cordillera are almost wholly unknown bolanically. 

The extensive botanical work carried on in Colombia during the 18th 
and 19th centuries may be shown by the following list of collectors ar- 
ranged in the sequence of their investigations : — 

Jacquin, Nikolaus Joseph von, 1727-1817. Cartagena. 

Mutis, Jose Celestino, 1732-1808. Mainly in the vicinity of Bogota and 
Mariquita. 

Humboldt, Friedrich Heinrich Alexander mu, 1769-1859, and Bonpland, 
Aim A Jacques Alexandre, 1773-1858. Cartagena, Magdalena Val- 
ley, Bogota, Quindio Trail, Cauca Valley to the Ecuador border. 
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Bertero, Carlo Giuseppe, 1789-1831. Santa Marta. 

Goudot, Justin. Mainly Bogota, upper Magdalena Valley, and Quindio 
Trail. 

Triana, Jose Jeronimo, 1834-1890. Traveled extensively in Colombia, 
his more important collections coming from the Bogota region. 
Quindio Trail, Choc6, Cauca Valley, and the southwestern parts. 
Karsten, Gustav Karl Wilhelm Hermann, 1817-1908. Mainly in east- 
ern Colombia. 

Hartweg, Carl Theodor, 1812-1871. Southwestern Colombia and Cun- 
dinamarca. 

Holton, Isaac Farwell, 1812-1874. Mainly about Bogota and in the 
Cauca Valley. 

Funck, Nicolas, 1816-1896, and Schlim, Louis Joseph. Eastern Colom- 
bia, especially in the departments of Santander and Norte de San- 
tander. 

Linden, Jean Jules, 1817-1898. Departments of Santander, Norte de 
Santander, Cundinamarca and Tolima, and in the Santa Marta 
mountains. 

Purdie, William, 1817-1857. Santa Marta mountains. 

Kalbreyer, Wilhelm (Guillermo), 1847-1912. Eastern Cordillera and 
Antioquia. 

Andre, Edouard Frangois, 1840-1911. Magdalena Valley, Bogota. Quin- 
dio Trail, Cauca Valley to the Ecuador border. 

Stuebel, Moritz Alphons, 1835-1904. Southwestern Colombia. 

Lehmann, Friedrich Carl, 1850-1903. Mainly in the Central and West- 
ern cordilleras and the Cauca Valley. 

Among European collectors who in the present century have visited 
Colombia the following should be mentioned: T. A. Sprague and G. 
Voronoff, whose collections afford almost our sole knowledge of the flora 
of Amazonian Colombia; M. T. Dawe, who collected in Cundinamarca, 
Bovaea, Goajira and the Magdalena Valley; J. Cuatrecasas, in the Quin- 
dio and Cundinamarca; Frau E. Dryander, in the Cauca Valley; 
C. Troll, in Cundinamarca; A. Schultze, in Cundinamarca and the 
Santa Marta mountains; E. Langlas^e, in western Colombia; Mrs. J. A. 
Tracey, in Cundinamarca; and Cyril Allen, in the Magdalena Valley. 

Botanists resident in Colombia, whose collections are well represented 
in herbaria of the United States, are Brothers Apollinaire Marie and 
Ariste Joseph (largely from Cundinamarca and the Meta), E. PtSrez 
Arbelaez (Cundinamarca, Caquetd and the Meta), B. Guevara Amor- 
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tegui (Cundinamarca and BoyacA), Brother Elias and A. Dugand (De- 
partment of Atl&ntico), Brother Heriberto (Cartagena and vicinity), 
Brother Daniel (Medellin). Dr. A. Ducke, well-known student of the 
Amazonian flora, has made collections in the Caqueta Valley, in the 
southeastern part of Colombia. The 375 specimens collected in the 
Putumayo Valley, in southeastern Colombia, by G. Klug, of Iquitos, 
Peru, and widely distributed to American and European herbaria, are 
of great importance. 

As a result of a program for the botanical exploration of northern 
South America, made by several institutions of the United States, three 
expeditions have been sent to Colombia, their collecting numbers total- 
ing more than 19,000. The Rusby-Pennell expedition of 1917 visited 
the northern coastal region, the Magdalena Valley, and the departments 
of Cundinamarca, Huila, Tolima and Antioquia, and the Meta. The 
Pennell-Killip-Hazen expedition of 1922 explored the western litoral, 
the Central and Western cordilleras, and the Cauca Valley. The Killip- 
Smith expedition of 1926-1927 worked in the Cartagena-Turbaco Tegion 
and the departments of Santander and Norte de Santander. 

Other important collections made by North American botanists or by 
botanists collecting for institutions of this country are those of H. H. 
Smith, in the Santa Marta region; H. Pittier, in western Colombia; 
W. A. Archer, in Antioquia and the Choc6 ; R. A. Toro and C. E. Chardon, 
in Antioquia; H. M. Curran, in the lower Magdalena Valley and about 
Cartagena; A. E. Lawrance, in Bo} r aca; and W. Seifriz, the only Ameri- 
can botanist to explore the higher mountains of the Santa Marta group. 

Basis and Scope of the Present Study 

The present paper is based almost wholly upon the collections at the 
New York Botanical Garden and the U. S. National Museum, indicated 
respectively by the letters N. Y. and U. S., and we regret that there has 
been no opportunity for including a study of material in other herbaria. 1 
However, at one or both of these institutions are deposited complete sets 
of the collections made by North American botanists and nearly com- 
plete sets of the collectors resident in Colombia. In addition, there aTe 
numerous specimens of the Lehmann, Triana, Andre, Hartweg and Dawe 
collections. We are indebted to Sir Arthur Hill, Director of the Royal 

'After this paper was in proof I examined the collections of Mimosacese and C»sal- 
piniacea? in several European herbaria. Additional Information resulting from these 
studies either has been incorporated in the text or has been brought together in an 
addendum (pp. 192-193). E. P. K. 
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Botanical Gardens, Kew, and Dr. H. Harms of the Botanisches Museum, 
Berlin, for special information regarding other collections. 

Bentham’s numerous papers on Mimosaceae and Caesalpiniaceae, espe- 
cially his monograph of the Mimosese 2 3 and of Cassia,* and Micheles 
reports on the Andre 4 * and the Lehmann Leguminosae, 0 have been relied 
upon for data. Not infrequently localities given by Bentham as being 
in Colombia actually are in Venezuela; such species have been omitted 
from the formal list. We suspect that in other cases in which merely 
“Colombia” is cited by Bentham the specimen really came from some 
other country, but not having the sheet with full locality data at hand, 
we have included the species. 

We have omitted reference to the numerous species given by Cortes 
in his monograph 6 of the Colombian Leguminosae, which constitutes 
a part of his Flora de Colombia. Much of this valuable work is given 
o^r to the medicinal and industrial uses of the plants and to an index 
of the common names. The family Leguminosae is the only one actually 
treated in detail, there being given a list of species, with common names 
and notes as to geographic distribution. The sources of information 
for this work are not apparent; the author may have had access to un- 
published manuscripts of Triana’s or he may have consulted the collec- 
tions in the herbarium of the Museum d’Histoire Naturelle at Paris, for 
many Triana, Goudot, Schlim, Funck and Linden specimens are cited, 
which, with the exception of Triana’s, we have not seen. Many of the 
species mentioned by Cortes and not treated in the present paper were 
included by him as a result of misidentification ; some are certainly 
synonyms; others are restricted to Panama, not now within our area. 
Without doubt some of the species in his Flora should be added to our 
enumeration, but not having the specimens at hand we have not included 
any of these questionable species. 

Genera of Mimosace,e in Colombia 
Key to Genera 

A. Calyx-lobes valvate. 

1. Filaments partly united into a tube; stamens 
many. (Ing&e) 

Leaves once-pinnate ; legumes indehiscent; un- 
armed trees; leaf-rachis glanduliferous 1. Inga. 

2 Revision of the Suborder Mimosejp. Trans. Linn. Soc. 30: 335-668. 1875. 

3 Revision of the Genus Cassia. Trans Linn. Soc. 27 : 503-591. 1871. 

* Les Legumineuses de l’Ecuador et de la NouveUe-Grenade de la coUection de M. Ed. 
Andrd. Journ. de Bot. 6: 192-193, 197-206. 1892. 

8 Bot. Jahrb. 16 : Beibl. 37 : 7-9. 1892. 

6 Flora de Colombia, ed. 1, 24-68. 1897 : ed. 2, 24-63. 1919. 
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Leaves bipinnate. (See Cojoba.) 
a. Legume not elastically dehiscent from the 
apex ; leaves glandulif erous. 

•‘■Legume fleshy or coriaceous. 

Legume circinnate, flat, fleshy, coriaceous, 
indehiscent ; petiole glandulif erous ; 

leaflets many 2. Entebolobium. 

Legume straight, curved, or coiled, at length 
dehiscent. 

tLegume-valves (as far as known) twist- 
ing after dehiscence. 

Stipules spinescent ; leaflets few, broad ; 
seeds (as far as known) with a 

fleshy aril 3. Pithocellobium. 

Unarmed trees; seeds (as far as 
known) without a fleshy aril. 

(See Klugiodendron.) 

~ Legume flat or compressed. 

Legume very oblique, deeply cre- 
nate on one margin; bractlets 
large; pinme 1 pair; leaflets 

1 pair; seeds arillate 4. Keugiodendrov. 

Legume not deeply crenate ; bract- 
lets none, or very small ; leaf- 
lets several pairs. 

Flowers capitate or racemose; 
corolla 5-lobed ; leaflets 
obovate to linear, numerous. 5. Abarbma. 
Flowers long-racemose or long- 
spicate ; corolla deeply 5- 
lobed; leaflets few, large. G. Punjtjba. 

: «Legume subterete, mostly monili- 

form 7. Cojoba. 

fi Legume- valves not twisting, or legume 
indehiscent. 

Legume septate between the seeds ; un- 
armed trees 8. Abthbosamanea. 

Legume not septate between the seeds. 

Inflorescence axillary ; legume fleshy, 
compressed, indehiscent or very 
tardily dehiscent 

Unarmed trees with large leaflets. 9. Samanea. 

Trees or shrubs, at least the older 

twigs spiny ; leaflets small 10. Chloroleucon. 

Inflorescence lateral ; legume flat, 
thin, coriaceous; unarmed trees 

with broad leaflets 11. Zygia. 

1 "Legume thin or papery, flat, mostly de- 
hiscent. 

Trees or shrubs armed with stipular spines. 12. Havabdia. 
Unarmed trees. 

Flowers umbellate ; calyx narrowly cam- 

panulate, long 13. Pseudosamanea. 

Flowers capitate, rarely umbellate. 

Calyx narrowly campanulate, long ; 

corolla and stamens very long. ... 14. Macbosamanea. 
Calyx not narrowly campanulate, 

short; corolla relatively short.... 15. Albizzia. 
b. Legume elastically dehiscent from apex; 

leaves eglandular 16. Caixiandba. 
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2. Filaments distinct. 

a. Stamens many, more than 10. (Acacieje) 

Margins of the transversely septate legume 

separating 17. Dugandia. 

Margins of the legume-valves not separating. 

"Legume woody or coriaceous; petiole glan- 
duliferous. 

Legume woody, subterete IS. Vachellia. 

Legume coriaceous, turgid, or compressed. 

Stipular spines usually very large ; 
legume soon dehiscent ; inflorescence 
(in the Colombian species) spicate. 19. Myrmecodendkon. 
Stipular spines smaller ; legumes tardily 

dehiscent; inflorescence capitate... 20. Poponax. 

* "-Legume thin and flat. 

Flowers short-pedicelled ; leaves eglandular. 21. Aoaciella. 
Flowers sessile; petiole, at least usually, 

glanduliferous 22. Senegalia. 

b. Stamens 10 or fewer. 

♦Anthers without glands. (Mimosele) 

Margins of the legume-valves persistent ; un- 
armed plants. 

Trees or large shrubs ; flowers bracteolate. 23. Leuoena. 

Herbs or low shrubs ; flowers ebracteolate. 24. Desmanthus. 
Margins of the legume-valves ultimately 
separating ; plants nearly always prickly, 


the leaves mostly eglandular. 

Legume subterete or subtetragonal 23. Leptoglottis. 

Legume flat. 

Valves of the legume jointed 20. Mimosa. 

Valves of the legume continuous 27. Mimosopsis, 

♦♦Anthers tipped by glands. 

Seeds with endosperm. (Adenanthere^:) 

Perennial unarmed herbs, some of the 

capitate flowers barren 28. Neptunia. 


Trees or shrubs; flower spicate or race- 
mose, all perfect. 

Leaflets narrow, opposite; flowers in 
slender racemes; branches usually 

spiny 29. Nelttjma. 

Leaflets broad, mostly alternate ; flowers 

spicate; unarmed trees 30. Stryphnodendbon. 

Seeds without endosperm. (Piptadenieje) 

Legume not transversely septate ; trees or 

shrubs 31. Piptadenia. 

Legume transversely septate ; mostly vines. 

Legume woody; leaves cirrhiferous 32. Entada. 

Legume coriaceous ; leaves ecirrhiferous. 33. Entadopsis. 

B. Calyx-lobes imbricated. (Parki ejk) 

Trees with bipinnate leaves, the flowers in globose 

heads 34. Tarsia. 

1. INGA Scop., Introd. 289, 1777. 

Type species : Mimosa higa L. 

Key to Species op Inga. 

A . Flowers umbellate, all pedicelled, (Hetebophyllje) . 
Flowers glabrous or merely puberulent. 

Pedicels as long as the calyx, or a little longer 1. /. Archeri. 
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Pedicels much longer than the calyx. 

Calyx about 1 mm. long; leaflets 4-7 cm. long, 

long-acuminate 2. 2. heteropliylla. 

Calyx about 4 mm. long ; leaflets 0-15 cm. long, 

obtusely short-acuminate 3. 2. Lawranceana . 

Flowers strigose. 

Pedicels much longer than the calyx 4. 2. santanderensis . 

Pedicels shorter than the calyx 3. 2. Mutisii. 


B. Flowers capitate, spicate, or racemose. 

1. Species with wingless Icat-racliis. 

a. Flowers glabrous. 

Flowers capitate. (Dabiekenses) 0. 2. darienensis. 

Flowers spicate. (Cortjscantes) 

Leaflets coriaceous 7. 2. coruscans. 

Leaflets membranous or ehartaeeous. 

Spikes 10-15 mm. long 8. 2. microstachya . 

Spikes 6-8 cm. long 0. 2. Caldasiana. 

b. Corolla strigose or pubescent. 

Leaflets densely pubescent beneath. (Bbtjxnes- 
centes) 

Leaflets rounded, cuspidate 10. 2. Irunncscens . 

Leaflets acute or acuminate 11. 2. culagana . 

Leaflets glabrous or puberulent. 

Rachis-glands about 4 mm. in diameter ; leaflets 

caudate-acuminate. ( Cycladenle) 12. 2. cycladenia. 

Rachis-glands smaller ; leaflets not caudate- 
acuminate. 

Leaflets very large, up to 20 cm. long, the 
upper oblanceolate ; flowers short-pubes- 
cent. (Ruizianle) 13. 2. Ruiziana. 

Leaflets smaller; flowers strigose. (Nobiles) 

Upper leaflets oblanceolate... 14. 2. oblanceolata. 

None of the leaflets oblanceolate. 

Corolla slender, about 1 mm. in diameter 

Corolla 10-11 mm. long 15. 2. olivacea . 

Corolla 8.5 mm. long 10. 2. gracilior. 

Corolla stouter. 

Corolla about 6 mm. long 17. 2. punctata . 

Corolla 8-11 mm. long 

Leaflets ovate to elliptic, glabrate... IS. 2. noUlis. 
Leaflets lanceolate, acuminate, finely 
pubescent 19. 2. popayanensis . 

2. Leaf-rachis winged or margined. 
a. Rachis-glands sessile or subsessile ; legume various. 

tLegume (as far as known), flat or compressed. 

$Flowers glabrous. (Marginal) 

Flowers long-spicate 20. 2. marqinata. 

Flowers capitate 21. 2. goniocalyr . 

JtCorolla strigose or pubescent. 

§ Corolla large, mostly 2-3 cm. long, as far as 
known. 

Legume very large, woody, the margins not 
elevated. 

Leaflets subcoriaceous, obtuse or acute, 

glabrous. (Spectabiles) 22. 2. spectaMlis . 

Leaflets ehartaeeous, short-acuminate, 

sparingly pubescent above 23. 2. SmtthiL 
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Legume coriaceous or chartaceous, the mar- 
gins elevated. (Faisamenses) 

Rachis winged only below the upper pair 

of leaflets . 24. I. brachyptera. 

Rachis winged between all pairs of leaflets. 

Leaflets densely pubescent beneath 25. I. antioqucnsis. 

Leaflets glabrous. 

Leaflets up to 2G cm. long ; rachis about 

S cm. long 2G. 1. heteroptera. 

Leaflets 10 cm. long, or shorter ; rachis 

3-4 cm. long 27. 1. panamensis. 

§§ Corolla small, about 15 mm. long, or shorter. 

(PmOSlTTSCULJE) 

Rachis with narrow elevated margins ; flowers 

densely spicate 28. I. tttiribiana. 

Rachis-wings broader. 

Rachis winged only between the upper pair 
of leaflets, or between the two upper 
pairs. 

Calyx 4 mm. long; leaflets rounded or 

obtuse 29. I. pamplonw. 

Calyx 6-7 mm. long ; leaflets acute 30. I. dhartana . 

Rachis winged between all the pairs of 
leaflets. 

Mowers spicate. 

Leaflets oblong-lanceolate 31. I. densiflora . 

Leaflets ovate to ovate-elliptic 32. I. sordida . 

Flowers capitate. 

Leaves glabrous; corolla about 0 mm. 

long 33, /. Bolivariana. 

Leaves and twigs pilose or pubescent. 

Upper leaflets oblanceolate ; corolla 

G.5-7.5 mm. long 34. /. Langlassel. 

Leaflets all oblong-lanceolate ; corolla 

11-12 mm. long 35. J. microdonta. 

f f Legume (as far as known) slender, terete or 
subterete, and longitudinally ribbed or striate, 
or with much-thickened margins. (Ing.®) 

Calyx 4-7 mm. long, or shorter ; flowers slender. 

Leaflets rounded or obtuse 3G. I. (Erstcdiana. 

Leaflets acute or acuminate. 

Legume subterete, 30 cm. long or longer ; leaf- 
lets acute or gradually acuminate 37. /. eduiis. 

Legume shorter, its margins less dilated; 

leaflets abruptly acuminate 38. I. scabrimcula . 

Calyx more than 8 mm. long; flowers usually 
stouter. 

Mowers more or less pedicellate. 

Calyx less than 1 cm. long 39. J. ingoidcs . 

Calyx 1 cm. or more long 40. I. spuria. 

Flowers sessile. 

£ Flower-buds oblong. 

Calyx narrowly tubular, 2-4.5 mm. in 
diameter. 

Calyx densely velutinous, 4.5 mm. in 

diameter; corolla 2 cm. long 41. J. TJrsi. 

Calyx sparingly pubescent, 2 mm. in 

diameter; corolla 3 cm. long 42. I. Chardonii. 
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Calyx broadly tubular or subcampanulate, 
stouter. 

§Legume compressed, twice as wide as 

thick 43. /. eriocarpoides . 

§§Legume terete or sub terete. 

Calyx teeth triangular-ovate, as 
broad as long; legume stout, up 
to 20 mm. thick ; stamens about 
2.5 cm. long 44. J. Jredonlana . 

Calyx teeth ovate-lanceolate : legume 
very slender, 4-6 mm. thick. 

Leaflets 4 or 5 pairs, obtuse or sub- 
acute, apiculate, densely to- 
mentose beneath; calyx 8-12 

mm. long 45. /. pseudospuria. 

Leaflets 6-8 (rarely 5) pairs, long 
acuminate, hirsutulous be- 
neath; calyx more than 12 
mm. long 46. I. chinacotana. 

$$Flower-buds globose. 

Leaflets sessile, the veins not impressed; 

rachis-glands sessile 47. J. Holtonil . 

Leaflets short-stalked ; the veins impressed 

above; rachis-glands subsessile 4 8. I. codonantha. 

b. Rachis-glands stipitate; legume broad, com- 
pressed, densely tomentose or velutinous. 


(Vulpine) 

Rachis-glands slender, elongated. 

Calyx glabrous or very nearly so 49. I . venosa. 

Calyx hirsute or pilose. 

Calyx 2-2.5 cm. long 50. /. fastuoaa. 

Calyx 1.5 cm. long 51. J. vittosisslma. 

Rachis-glands stout, short-stipitate 52. I. sierra. 

Doubtfully of this relationship 53. J. pseudofastuosa. 


1. Inga Archeri Britton & Killip, sp. nov. 

Frutex vel arbor parvus, ramulis puberulis. mox glabris ; foliola 1-2-juga, 
oblonga vel obovata, glabra, abrupte acute vel obtusa, rachide exalata, glandulis 
parvis, orbiculatis ; capitula multiflora, floribus glabris, pedicellis calyci subae- 
qualibus ; calycis dentes breves et lati ; corollae lobi ovati, acuti ; stamina ad 
medium conjuncta; legumen lineare, ca. 8-spermum, seminibus elevatis. 

Shrub or small tree, about 2 m. high, the twigs puberulent when young, 
soon glabrous. Petioles about 1 cm. long; leaflets 1 or 2 pairs, oblong or 
obovate, chartaceous, glabrous, strongly pinnately veined, 3-7 cm. long, abruptly 
acute or obtuse ; rachis wingless, the small glands orbicular ; peduncles slender, 
2.5-3 cm. long; heads many-flowered, all the flowers glabrous, on pedicels 
about 1.5 mm. long; calyx 1.5 mm. long, its teeth short and broad; corolla 
about 5 mm. long, its ovate teeth acute ; stamens about 13 mm. long, united 
to about the middle ; young legumes linear, flat, scurfy, stipitate, about 10 cm. 
long, 10-15 mm. wide, 2-6 together at the end of the fruiting peduncle ; mature 
legume (unattached), about 12 cm. long, 2.5 cm. wide, about 8-seeded, the 
seeds elevated. 

Santa Elena, Antioquia, Colombia, 1500-2000 m. altitude, January 1, 1931, W. A . 
Archer 1B9}, type (N.Y.). 

2. Inga heterophylla Willd. Sp. PI. 4: 1020. 1806. 

Type locality : ParfL Brazil. 

Rio Carare, Daw® 430. Antioquia, JervUe. Barranca Bermeja, TTfer 70. Trinidad; 
Guiana ; Brazil ; Bolivia ; Peru. 
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3. Inga Lawranceana Britton & Killip, Phytologia 1 : 23. 1933. 

Type locality: ChapOn region, Bojacft, Colombia. 

ChapOn region, Boyacl, Lawrancc 260 (type). Without locality, Mutls 1018, 4921. 

4. Inga santanderensis Britton & Killip, sp. nov. 

Arbor, ramis divaricatis, ramulis, petiolis, folii racbide pedunculisque 
dense brevipubescentibus ; foliola 2-3-juga, cbartacea, in veniis subtus pubcs- 
centia, suprema obovata vel oblanceolata, cetera oblique oblonga; capitula 
pluria in panicula parva, pedicellis subfiliformibus, pilosis, calyce multo longi- 
oribus; calyx auguste campanulatus, appresso-pubescens, dentibus ovatis; 
corolla longe strigosa, lobis lanceolatis ; stamina infra medium conjuncta. 

A tree, 2.5-4 m. bigb, with slender divaricate branches, the twigs, petioles, 
leaf-rachis and peduncles densely short-pubescent. Petiole and leaf-rachis 5-7 
cm. long ; leaflets 2 or 3 pairs, chartaceous, pubescent on the prominent veins 
beneath and strongly reticulate-veined, the apex acute, the base narrowed; 
upper pair of leaflets obovate or oblanceolate, about 12 cm. long and 5-fl cm. 
wide, the second pair obliquely oblong, about 10 cm. long, or shorter; heads 
several in a small panicle; peduncles 2-4 cm. long; flowers several, all on 
nearly filiform, pilose pedicels 10-13 mm. long; calyx narrowly campanulate, 
appressed-pubescent, 4 mm. long, its ovate teeth acute; corolla long-strigose, 
about 9 mm. long, its lobes lanceolate; stamens about 17 mm. long, united 
below the middle. 

Open hillside, between Pledecuesta and Las Vegas, Santander, Colombia, 2000-2100 
m. altitude, December 10, 1926, Killip d Smith 16 ',77, type (N.Y.). Ocaiia, Norte de 
Santander, Sohlim 20 4 (recorded by Bentham as I. quatcrnata Poepp. & EncU.). Guamo, 
applied to many species oi Inga. 

5. Inga Mutisii Britton & Killip, sp. nov. 

Ramuli sparse brevipubescentes ; foliola 3-juga, rachide exalata, glabra, 
glandulis orbiculatis sessilibus, coriacea, nitidula, supra glabra, subtus 
sparsissime pilosula, apice abrupte breviter acuminata, suprema oblanceolata, 
inferiora oblonga; inflorescentia dense puberula vel brevipubesccns, capitulis 
paniculatis, multifloris, pedicellis pilosis, calyce brevioribus; calyx et corolla 
dense strigosa, dentibus ovato-lanceolatis. 

Twigs sparingly short-pubescent. Petiole and leaf-rachis glabrate, wing- 
less, about 11 cm. long, rather stout, the glands orbicular, sessile; leaflets 3 
pairs, coriaceous, sublustrous, glabrous above, sparingly or densely pilosulous 
beneath, abruptly short-acuminate at apex, cuneate at base, the terminal pair 
oblanceolate or oblong, 15-^22 cm. long, 7-9 cm. wide, the lower oblong, 12-13 
cm. long, 4.5-5 cm. wide; inflorescence densely puberulent or sliort-puboscent, 
the panicle of heads about 15 cm. long ; peduncles 2-3 cm. long ; umbels rnany- 
flowered, the pedicels pilose, 2-3 mm. long; calyx densely strigosc, 5 mm. long, 
its teeth ovate-lanceolate, acute; corolla densely slrigose, 0 mm. long, with 
ovate-lanceolate acute lobes; stamen-tube about as long as the corolla, or 
somewhat longer. 

1760-1808, Mutls 86M, type (U.S.). Clitquiiiquirfi, Cundinamarca, Ariste 

6. Inga darienensis Seem. Bot. Voy. Herald, 117, pi. 23. 1853. 

Type locality : Cape Corrientes, Colombia. 

Cape Corrientes, Seemann 1050 (type). 

7. Inga coruscans H. & B.; Willd. Sp. PI. 4: 1017. 1806. 

Mimosa coruscans Poir. in Lam. Encycl. Suppl. 1 : 43. 1810. 

Type locality : South America. 

Guiana. ' Huila ’ Pennel1 97<> - RI ° Viejo, HumVodt & Bonpland (co-type). British 
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8. Inga microstachya Britton & Killip, sp. nov. 

Glabra, floribus excoptis; rachis ct petiolus terctia, ra chide exalata, 
glandulis coneavis; foliola 4-5-juga, oblongo-lanceolata, chartacea, acuminata; 
iuflorescentia brevispicata, spicis tennipedunculatis, 4-7-faseiculatis, 10-15 
mm. longis; calyx rufo-puberulus ; corolla ad basim glabra, supra pubcrula. 

Plant, except flowers, essentially glabrous throughout. Rachis and petiole 
8-12 cm. long, terete, slender, the rachis wingless, its glands concave, sessile ; 
leaflets 4 or 5 pairs, chartaceous, lustrous, oblong-lanceolate, acuminate at 
apex, rounded or subacute at base, subsessile, the terminal pair about 13 cm. 
long and 4 cm. wide, the lowest pair 5 cm. long, 2 cm. wide; inflorescence 
short-spicate, the spikes slcnder-pedunclcd, in fascicles of 4-7, 10-15 mm. long, 
8-10 mm. wide ; calyx 1-1.5 mm. long, rufo-puberulent, the teeth triangular ; 
corolla glabrous toward base, puberulent above, 4-0 mm. long, its lobes 
lanceolate. 

Colombia, 1700-1808, J Mutls l}5, 3633 , tjpe (U.S.), 3337. 

9. Inga Caldasiana Britton & Killip, sp. nov. 

Glabra, infloroscentia' ramulis sparse pilosulis; rachis et petiolus teretia, 
racliide exalata, glandulis orbicularis, coneavis ; foliola 3-juga, chartacea, 
suprema elliptica vel subobovata, cetera oblongo-lanceolata vel elliptico- 
lanceolata; flores in spicis 6-S cm. longis; calyx minimus, globoso-campanu- 
latus; corolla infundibularis, lobis Iriangulato-ovatis. 

Plant nearly glabrous throughout, the inflorescence-branches sparingly 
pilosulous. Rachis and petiole 0-9 cm. long, terete, slender, the rachis wing- 
less, its glands orbicular, concave, about 2 mm. in diameter; leaflets 3 pairs, 
chartaceous, acuminate to obtuse, the terminal pair elliptic or slightly obovate, 
S-15 cm. long and 4-7 cm. wide, the others oblong-lanceolate or elliptic-lanceo- 
late, the lowest 4-0 cm. long and 2 cm. wide ; flowers in slender spikes 6-S cm. 
long, including peduncle : calyx very small, globose-campannlate, 0.7-O.S mm. 
long, the tooth minute ; corolla funnelshaped, glabrous, about 5 mm. long, the 
lower half much narrowed, the lobes triangular-ovate, acute; stamens about 
7 mm. long. 

Colombia. 1700-180S, Mutia 3539, type (U.S.), JM6, 35 M. 

10. Inga brumiescens Britton & Kilip, sp. nov. 

Rufo-tomenlosa ; rachis exalata, glandulis orbiculatis, coneavis ; foliola 
fl-juga, apice rotunda et cuspidata, coriacea, subtus rufo-Mrsuta. suprema 
obovata, cetera oblonga ; inflorescentia paniculiformis, spicis geminatis ; calycis 
dentes late triangulares; corolla dense appresso-strigosa ; stamina per % 
longitudinis conjunct a. 

Twigs, lcaf-rachis and brandies of inflorescence densely rufo-tomentose. 
Petiole and rachis 30-35 cm. long, the rachis wingless, its glands orbicular, 
concave, sessile; leaflets 6 pairs, rounded and cuspidate at apex, rounded at 
base, with the petioluios stout, up to 5 mm. long, coriaceous, rufo-tomentose 
on nerves, lustrous and subglabrous above, rufo-hirsute beneath, the terminal 
pair obovate, up to 15 cm. long and 7 cm. wide, tbc lower pairs oblong, decreas- 
ing to 0 cm. long, 3 cm. wide ; inflorescence paniculiform, the spikes in pairs, 
the flowering portion up to 3.5 cm. long; calyx rufo-tomentose, about 4 mm. 
long, the teeth broadly triangular, acute, about 1 mm. long; corolla about 15 
mm. long, densely appressed-strigose, its lobes lanceolate, acute; stamens 
about 2 cm. long, united to upper quarter. 

Colombia, 1760-1808, Mntia 3523, type (U.S.), m* 

11. Inga culagana Britton & Killip, sp. nov. 

Arbor, ramulis et pedunculis dense puberulis; foliola 3-4-juga, acuta, 
subtus pilosa, suprema obovata, cetera elliptica vel ovato-elliptica, rachide 
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exalata, dense puberula ; flores breviter spicati, sessiles ; calyx dense puberu- 
lus, dentibus lanceolatis, obtusis; corolla strigosa, lobis lanceolatis, acutis; 
stamina infra medium conjuncta; legumen quadrangulatum, dense yelutinum. 

A tree, 8-10 m. high, the twigs, leaf-rachis and peduncles densely puboru- 
lent. Petiole and rachis 8-15 cm. long; rachis wingless, its glands, if any, 
obscure; leaflets 3 or 4 pairs, chartaceous, acute, densely short-pubescent, 
becoming glabrous above, densely short-pilose beneath, and strongly pinnately 
veined, the terminal pair obovate, 10-20 cm. long, the others elliptic or ovate- 
elliptic, smaller; peduncle about 3 cm. long; flowers several, sessile, short- 
spicate ; calyx densely puberulent, 6-7 mm. long, its ovate teeth obtuse ; corolla 
12-13 mm. long, strigose, its lobes lanceolate, acute; stamens about 2 cm. 
long, united below the middle; young legume slender, subterete, twisted, 
longitudinally ribbed, about 10 cm. long, about 6 mm. in diameter, densely 
short-pubescent; older legumes nearly equally 4-sided, and Wangled, 20 cm. 
long, 15-18 mm. broad, densely velutinous, pointed. 

Culagl Valley, near Tapatfi, Norte de Santander, Colombia, 2100 m. altitude, March 
4, 1927, KilHp & Smith 20165 , type (N.Y.). SonsOn, Antioquia, Archer 655 , fruiting 
specimen. Without locality, Mutis 8524 , 4367. GuA\ro cxilrimo 

12. Inga cycladenia Pittier, Contr. U. S. Nat. Herb. 18 : 184. 1916. 

Type locality: Micay-Sajja and Timbiqui Colombia. 

Timbiqui, El Cauea, Lehmann B. T , 662 (type). Endemic. 

13. Inga Ruiziana G. Don. Gen. Syst. 2 : 391. 1832. 

Type locality : Peru. 

Rio Timbiqui, El Cauca, Lehmann 8986 (type). Mocoa, Caqueta, Sprague 408. 
Peru ; Brazil. 

14. Inga oblanceolata Britton & Killip, sp. nov. 

Foliola 3-5-juga, rachide exalata, foliolis chartaceis, in nerviis supra 
pulverulentis subtus sparse pilosulis, acuminatis vel acutis, supremis anguste 
oblanceolatis, ceteris anguste oblongo-lanceolatis ; iuflorescentia paniculi- 
formis, floribus in capitulis densis, dense birsuti ; calyx tubuloso-campanulatus, 
lobis triangulari-ovatis ; corolla infundibularis, lobis lanceolatis; stamina ad 
2/3 longitudinis conjuncta. 

Rachis and petiole slender, 11-14 cm. long, wingless, the glands orbicular, 
flattened. Leaflets 3-5 pairs, chartaceous, finely pulverulent on nerves above, 
very sparingly pilosulous on nerves beneath, otherwise glabrous, abruptly or 
gradually acuminate, and mucronulate at apex, narrowed at base, short- 
pelioluled, the terminal pair narrowly oblanceolate, 7-13 cm. long. 1-4 cm. wide, 
the lateral pairs narrowly oblong-lanceolate, the lowest pair about 4 cm. long 
and 1.3 cm. wide; inflorescence paniculiform, the branches flavo-tomentose, 
the flowers in dense clusters about 1.5 cm. wide ; bracts soon deciduous ; calyx 
tubular-campanulate, about 4 mm. long, 2.5 mm. wide at throat, densely hirsute, 
its lobes triangular-ovate; corolla funnelsbaped, about 8 mm. long, densely 
hirsute, its lobes lanceolate, acute; stamens 1-1.2 cm. long, united about to 
upper third. 

Colombia, 1760-1S08, Mutis 8685 , type (U.S.). Ifela brava. It to Magdalena, Andre 
364 . Near Fusagasugfi, Cuudinamarca, Andre 1930, 

15. Inga olivacea Sprague, Trans. & Proc. Bot. Soc. Edinb. 22 : 430. 1904. 

Type locality : Between Villavicencio aud Bogota, Colombia. 

Between ViHavicencio and Bogota, Sprague (type). Umbria. Putumayo, King 1737. 
Lands of Loba, Bolivar, Curran 119 , fruiting specimen. 

16. Inga gracilior Sprague, Trans. & Proc. Bot. Soc. Edinb. 22: 431. 1904. 

Type locality: M>ocoa, Caquetfi, Colombia. 

Mocoa, CaquetH, Sprague 365 (type). 
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17. Inga punctata Willd. Sp. PI. 4: 1016. 1806. 

Type locality : Caracas, Venezuela, 

Frequent in Colombia. Venezuela ; Trinidad ; Tobago ; Surinam ; Panama to Guate- 
mala. 

18. Inga nobilis Willd. Enum. Hort. Berol. 1047. 1809. 

Inga Humboldtiana H. B. K. Nov. Gen. & Sp. 6 : 285. 1824. 

Type locality : Brazil. 

Cundai, Cundinamarca, Triana U61. Dept. Bolivar, Pennell 4162, Rio Viejo. 
Bolivar, Humboldt <6 Bonpland (type of I. Humboldtiana). Lake Sapatoza, Allen 200. 
Venezuela to French Guiana and Brazil. Gua&iito. 


19. Inga popayanensis Pittier, Contr. U. S. Nat. Herb. 18: 185. 1916. 


Type locality : Highlands of Popayfin, Colombia. 

Popay&n, Lehmann 829, 5751 (type), 7808. Cuatro Esquinas, El Cauca, Pennell d 
Killip 6240. ?Puerto Wilches, Santander, Killip d Smith 14935 (young fruit). Bogota, 
Triana 4469. Medellin, Toro 27 2. 


20. Inga marginata Willd. Sp. PI. 4: 1015. 1806. 

?Inga sapida H. B. K. Nov. Gen. & Sp. 6 : 286. 1823. 

Type locality : Caracas, Venezuela. 

Frequent at middle altitudes in Colombia. Ecuador ; Peru ; Bolivia ; Venezuela ; 
Brazil ; Panama to Costa Itica. Guamo ciiurimo, guamo negrito. 

21. Inga goniocalyx Britton & Killip, sp. nov. 

Glabra; petiolus et racliis anguste alata, glandulis breviter cylindrical 
foliola 3-juga, subcoriacea, reticulata, obtuse acuminata, suprema elliptica 
vel ovato-elliptica, cetera oblonga, nonnumquam obliqua ; inflorescentia 
capitata, pauciflora ; calyx 5-angulatus, tubuloso-campanulatus, dentibus 
triangularibus ; corolla cylindrica, lobis anguste lanceolatis. 

Plant glabrous throughout. Rachis and petiole 5-7 cm. long, narrowly 
winged and glanduliferous between each pair of leaflets, the upper pair of 
wings 2.5-3.S cm. long, about 2 mm. wide, the glands short-cylindric ; leaflets 
3 pairs, subcoriaceous, lustrous, rather prominently reticulate-veined, obtusely 
acuminate at apex, narrowed to a rounded base, subsessile, the terminal pair 
elliptic or ovate-elliptic, 12-18 cm. long, 5-9 cm. wide, the others oblong, some- 
times oblique, the lower about 6 cm. long, 3 cm. wide ; inflorescense capitate, 
few-flowered, the peduncle slender, 2-5 cm. long, the flowers sessile; calyx 
5-angled, tubular-carapanulate, 2-3 mm. long, its teeth triangular, subacute; 
corolla cylindric, 7-8 mm. long, very slightly enlarged at apex, its lobes nar- 
rowly lanceolate, about 1 mm. long. 

Colombia, 1760-1808, Mntls 492 7, type (U.S.), f967. 

22. Inga spectabilis (Vahl) Willd. Sp. PI. 4: 1017. 1806, 

Mimosa spectabilis Vahl, Skr. Nat. Selsk. Kjob. 2 1 : 219, pi. 10. 1792. 

Inga fulgens Kunth, Mim, 36, pi 11. 1819. 

Inga lucida II. B. K. Nov. Gen. & Sp. 6 : 287. 1824. 

Type locality : Santa Marta, Colombia. 

Bolivar, Outran 147, 173a. Boyaci, Lawrance 57. Antioquia, Toro 462; Ohardon 
128; Archer 1\28, 1880, 2025. Timbiqul, El Cauca, Lehmann B. T . 686. Ecuador; 
Panama ; Co«ta Itica. Guamo m vcijdto. 

23. Inga Smithii Britton, sp. nov. 

Rachis foliorum crassa, glabra, infra jugum supremum foliolorum anguste 
alata, glandulis concavis, orbiculatis; foliola 2-3-juga, chartacea, reticulata, 
sparse hirsutula, nitidula, late elliptica vel ovato-elliptica, breviter acuminata ; 
legumen late lineare, lignosum, sessile, rugulosum. 

Leaf-racMs stout, glabrate, narrowly winged below the upper pair of 
leaflets, the concave glands orbicular. Leaflets 2 or 3 pairs, chartaceous, 
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strongly veined, coarsely reticulate, faintly lustrous, bearing short scattered 
hairs on both surfaces, broadly elliptic to ovate-elliptic, 12-18 cm. long, 7-11 
cm. wide, the apex abruptly short-acuminate, obliquely obtuse ; legume broadly 
linear, woody, sessile, flat, rugulose, 30-38 cm. long, 0—7 cm. wide, the margins 
about 12 mm. thick. 

Polonia, near Puerto Wilchos, Santander, Colombia, 100 m. altitude, December 3, 
1026, KiJlip & Smith 1 frf)3,T, tjpe (N.Y.). 

24. Inga brachyptera Benth. Lond. Joum. Bot. 4: 610. 1845. 

Type locality : Tumaeo, Colombia _ 

Known only from the tjpe locality, in the Department of N.irilo ; the type, collected 
by Hinds, seen at Kew. 

25. Inga antioquensis Britton & Killip, sp. nov. 

Rachis foliorum late alata, glandula orbieulata, parva, inter jugum quodque 
foliolorum; foliola 2-3-juga. chartacea, late ovata vcl elliptica, obtusa vel 
obtuse subacuta, ad basim rotundata vel subcordata, supra glabra, subtus 
dense pubescentia ; legumen oblongum, sessile, compressum, coriaceum, glabrum. 

Leaf-rachis broadly winged, with a small orbicular gland between each 
pair of leaflets. Leaflets 2 or 3 pairs, chartaceous, broadly ovate or elliptic, 
cbtuse or bluntly acutish at apex, rounded or slightly subcordate at base, 
glabrous and faintly veined above, short-pubescent beneath, the larger ones 
about 14 cm. long and S cm. wide ; legume oblong, sessile, compressed, coriaceous, 
glabrous, 10-14 cm. long, 2.5-4 cm. wide and 6 mm. thick, with broad, slightly 
elevated margins. 

Loreto, vicinity of Medellin, Colombia, December 21, 1927, Toro 85S, type (NY.) 
Mompos Island, Bolivar, Cun an 226. 

26. Inga heteroptera Benth. Lond. Joum. Bot. 4: 611. 1845. 

Type locality : San Pedro, Colombia. 

Known only from the type locality ; the type, collected by Hinds, Keen at Kew 

27. Inga panamensis Seem. Bot. Voy. Herald 117. 1853. 

Type locality : Near Cruces, Panama. 

Colombia (Linden 366 . according to Bentham). Panama. Sclilini’s 250, from 
Ocaiia, Norte de Santander, is doubtfully referred here by Bentham. 

28. Inga titiribiana Britton & Killip, sp. nov. 

Hamuli inflorescentia foliorum rachisquo dense rufo-liirsuta, rachide 
anguste marginata inter jugum quodque foliolorum, glandula orbieulata; 
foliola G-juga, chartacea, glabra, supra lucent ia, subtus pallidiora et In voniis 
pubescentia, suprema oblanceolata, cetera oblongn vel oblongo-laneeolata ; 
flores dense splcati ; calyx laxe strigosi, (lentibus ovalis; corolla dense slrigosa, 
lobis ovatis; stamina ultra medium conjunota. 

Twigs, inflorescence and leaf-rachis densely rufo-hirsute. Leaves short - 
petioled. the narrowly margined rachis bearing an orbicular gland between 
each pair of leaflets ; leaflets G pairs, chartaceous, acute or acutish at the apex, 
rounded at the base, pinnately and reticulate-veined, glabrous, lustrous and 
dark green above, paler beneath, and pubescent on the veins, the upper pair 
obovate, about 12 cm. long and 6 cm. wide, the others oblong or oblong-lanceo- 
late, 5-11 cm. long; flowers in dense peduncled spikes 3-6 cm. long, the 
peduncles about as long or somewhat longer ; bractlets linear, about 3 mm. 
long; calyx about 4 mm. long, loosely strigose, its teeth ovate, acute; corolla 
about S mm. long, densely strigose, its teeth ovate, acute; stamens about 15 
mm. long, united to above the middle. 

(N X^Chardo^nU ^ Medelirn ’ Antio( luia, Colombia, September 4, 1927, Toro 52 tjpc 
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29. Inga pamplonae Britton & Killip, sp. nov. 

Arbor, ramulis foliis inflorescentiaque dense tomentulosis ; racliis solum 
infra jugum supremum foliolorum alala, glandulis inconspicuis ; foliola 2-3- 
juga, elliptica, rotunda vel obtusa; flores brcvispicati ; calyx campanulatus, 
dcntibus ovatis, acutis; corollas lobi oblongi, acuti; stamina ultra medium 
conjuucta. 

A tree, 5-8 in. high, the twigs, foliage and inflorescence densely tomentu- 
lose. Leaves short, the rachis narrowly expanded into a small wing below 
the upper pair of leaflets only, the glands inconspicuous ; leaflets 2 or 8 pairs, 
nearly elliptic, rather strongly veined, rounded or obtuse at both ends, 5-10 
cm. long, 2.5-6 cm. wide ; peduncles 1-3 cm. long ; flowers short-spicate ; calyx 
eampanulate, 4 mm. long, densely appressed-pubescent, its ovate teeth acute; 
corolla about 10 mm. long, densely strigose, its oblong lobes acute; stamens 
about 15 mm. long, united to above the middle. 

Open hillside, vicinity of Pamplona, Norte de Santander, Colombia, 2300-2400 m. 
altitude, February 27, 1927, Kilhp a. Smith 19777, type (N.Y.). 

30. Inga chartana Britton & Killip, sp. nov. 

Arbor, ramulis foliorum raohide inflorescentiaque dense brunneo-pubcrulis ; 
rachis infra juga duo suprema foliolorum alata, glandulis orbiculatis inter 
jugum quodque; foliola 3-4-juga, chartacea, acuta, supra dense puberula, 
subtus brevipubescentia, suprema obovata, cetera ovato-lanceolata vel oblonga ; 
flores dense spicati; calyx tubuloso-campanulatus, dentibus ovatis, acutis; 
stamina ultra medium conjuncta. 

A tree, S-12 m. high, the stout twigs, the leaf-rachis and the inflorescence 
densely brown-puberulent. Petiole and rachis about 12 cm. long, or shorter; 
glands orbicular, coucave, borne at each pair of leaflets : rachis with a wing 
1.5-2 cm. long and 4-6 mm. wide below the upper pair of leaflets, and a much 
smaller one below the next pair ; leaflets 3 or 4 pairs, ehartaceous, 7-12 cm. 
long, acute, the base rounded or obtuse, densely puberulent above and short- 
pubescent beneath, the upper pair obovate, the others ovate-lanceolate to 
oblong ; flowers densely spicate, the spikes about 2 cm. long, on peduncles about 
as long, or somewhat longer ; calyx tubular-campanulate, densely short-pubes- 
cent, 6-7 mm. long, its ovate teeth acute; corolla about 11 mm. long, strigose, 
its teeth acute ; stamens about 15 mm. long, united to a little above the middle. 

Open hillside, vicinity of Chart a, Snntandor, Colombia, 2000-2400 m. altitude, Feb 
ruaiy 9, 1927, Killip A Smith 190 88 , type (N.Y.). 

31. Inga densiflora Benth. Trans. Linn. Soc. 30: 617. 1875. 

Type locality : Near Tarapoto, Peru 

Ibugud, Trlana. Falefln, Amlrf 3615. Dept. Antioquia, Archer 593 , 6 8JS ,* C7jar- 
don 138. Peru. (1 11 us I rated by Pittier, Coutr. XJ. S. Nat. Ilerb. 18: pi. 97.). Guamo 
maciiuto. 

32. Inga sordida Pittier, Contr. U. S. Nat. Herb. 18: 191. 1916. 

Tjpe locality: Fopayfln, Canon, Colombia. 

Popaylln, Lchnumn 90 \ (Ijpc), Endemic*. 

33. Inga Bolivariana Britton & Killip, sp. nov. 

Glabra, inflorescentia excepta; rachis anguste alata, glandulis orbiculatis, 
concavis; foliola 3-4r-juga, ovato-oblonga, subcoriacea, abrupte cuspidato- 
acuminata ; inflorescentia capitata ; calyx tubuloso-campanulatus, lobis parvis, 
rotundis, sparse pilosulis; corolla appresso-rufo-hirsuta, lobis lanceolatis; 
stamina ad % longitudiuis conjuncta. 

Plant glabrous throughout except inflorescence. Rachis and petiole 8-12 
cm. long, the rachis narrowly winged between each pair of leaflets, the wings 
2-2.5 mm. wide, the glands orbicular, concave, sessile, borne between each pair 
of leaflets ; leaflets 3 or 4 pairs, ovate-oblong, subcoriaceous, prominently nerved, 
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abruptly cuspidate-acuminate at apex, narrowed at base, the terminal pair up 
to 16 cm. long and 7.5 cm. wide, tbe lower pairs 11-13 cm. long, 5-5.5 cm. wide, 
oblique ; bracts spatulate, about 8 mm. long, persistent ; inflorescence capitate, 
about 1 cm. wide, tbe peduncles slender, 2-2.5 cm. long ; flowers sessile ; calyx 
tubular-campanulate, 2.5-3 mm. long, sparingly pilosulous on tbe small rounded 
lobes; corolla about 6 mm. long, appressed-rufo-hirsute, its lobes lanceolate, 
acute ; stamens 10 mm. long, united up to upper quarter. 

Colombia, 1760-1808, Mutis 8636 , type (U.S.), 3642. 

Tbis species is named in honor of Dr. Ignacio Bolivar, Director of tbe 
National Academy of Sciences, Madrid, to whom tbe botanical world is largely 
indebted for tbe re-examination of tbe historic Mutis herbarium. 

34. Inga Langlassei Pittier, Contr. U. S. Nat. Herb. 18: 189. 1916. 

Type locality : Western Cordillera, Cauea Valley. 

Cauca Valley, El Valle, LanglassO 63 (type). Endemic. 

35. Inga microdonta Britton <fc Killip, sp. nov. 

Ramuli dense rufo-tomentulosi ; racbis anguste alata, glandulis sessilibus ; 
foliola 4-juga, oblongo-lanceolata, acuminata, supra in costa rufo-liirtella, 
subtus appresso-rufo-hirsuta ; flores dense capitati; calyx tubulosus, dentibus 
minutis; corolla strigosa, lobis triangulato-lanceolatis ; stamina ultra medium 
conjuncta. 

Twigs densely rufo-tomentulosc. Fetiole and leaf-rachis rufo-hirtellous, 
the rachis 12-15 cm. long, bearing between each pair of leaflets a sessile con- 
cave gland about 2 mm. in diameter, narrowly winged, the wings up to 2 mm. 
wide; leaflets 4 pairs, oblong-lanceolate acuminate, rounded at base, above 
lustrous, densely rufo-hirtellous on midnerve, sparingly so elsewhere, beneath 
appressed-rufo-hirsute, the terminal pair 13 cm. long, 5 cm. wide, the lowest 
pair 5 cm. long, 2 cm. wide ; peduncles 3-3.5 cm. long ; flowers densely capitate, 
the heads 2-2.5 cm. long, up to 4 cm. wide ; calyx tubular, about 3 mm. long, 
very sparingly appressed-hirsutulous, the teeth minute; corolla 11-12 mm. 
long, strlgose, the lobes triangular-lanceolate, about 3 mm. long ; stamens about 
40, 15 mm. long, united to a little above the middle. 

Colombia, 1760-1808. Mutis 8626 , type (U.S.), 8688. 

Distinguished from I. Langlassei by longer corolla tube, leaves not emar- 
ginate at base or long-apiculate at apex, not oblanceolate, and scarcely falcate. 

36. Inga CErstediana Benth.; Seem. Bot. Voy. Herald 117. 1853. 

Type locality ; Panama. 

Pasca, Cundinamarca, Triana 416 7. Bogota, Ariste Joseph B. 121. Medellin, Toro 
1075. Rio Sucio, El Cauca, Pennell J> Killip 8123. Venezuela; Panama; Costa Rica. 

37. Inga edulis Mart. Flora 20 : Beibl. 113. 1837. 

Type locality : Brazil. 

Mutis 364 7. Santa Marta, N. H. Smith 27. Medellin, Toro 1336. Ibagud, Triana 
4466. Venezuela to Surinam, Peru and Brazil ; Trinidad ; Grenada ; Panama to Vera- 
cruz. GUAMO KABO DIB MONO, GUAMO SANTAFORUSO. 

38. Inga scabriuscula Benth. Lond. Joura. Bot. 4: 606. 1845. 

Type locality : Surinam. 

Colombia (according to Bentbam). Surinam; Brazil. 

39. Inga ingoides (Rich.) Willd. Sp. PI. 4 : 1012. 1806. 

Mimosa ingoides Rich. Act. Soc. Hist. Nat. Paris 1 : 113. 1792. 

Inga omata Kunth, Mim. 46, pi. 14. 1819. 

Type locality : Cayenne. 

Rio Sind, Bolivar, Pennell 4701. Rio Frio, Magdalena, Walker 1215. Rio Dedo, 
Caquetd, Uribe. Venezuela to French Guiana ; Guadeloupe ; Dominica ; Martinique ; 
Trinidad. 
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40. Inga spuria Willd. Sp. PI. 4: 1011. 1806. 

?Inga Berteriana DC. Prodr. 2 : 434. 1825. 

Type locality : Venezuela (Cuman&, see Kunth, Mim. pi. 12). 

Common in Colombia. Guamo arroxero, guamo churimo, guamo macho, 

41. Inga Ursi Pitticr, Contr. U. S. Nat. Herb. 18: 215. 1916. 

Type locality : Colombia. 

Popayfin, Lehmann 5750 (type). Endemic. 

42. Inga Chardonii Britton & Killip, sp. nov. 

Bachis foliorum dense brevipilosa, inter juga 1 vel 2 suprema foliolorum 
alata; foliola 3-4-juga, supra laxe subtus dense brevipilosa, obtusa vel sub- 
acuta, suprema obovata, cetera elliptica vel elliptico-lanceolata ; flores brevi- 
spicati; calyx anguste tubulosus, sparse pubescens, dentibus ovatis, acutis; 
corolla tenuissime, lobis lanceolatis ; stamina ultra medium conjuncta ; lcgumen 
lineare, subcompressum, dense velutinum. 

Bachis of leaves 15-20 cm. long, densely short-pilose, winged between the 
1 or 2 upper pairs of leaflets, rarely between the others. Leaflets 3 or 4 pairs, 
strongly pinnately veined, subchartaceous, 9-15 cm. long, 2.5-8 cm. wide, loosely 
short-pilose above, densely so beneath, subsessile, obtuse or acutish, the upper 
pair obovate, the others elliptic to elliptic-lanceolate; flowers short-spicate, 
the axis about 2 cm. long; calyx narrowly tubular, slender, about 12-ribbed, 
9 mm. long, 2-3 mm. in diameter, sparingly loosely pubescent, its ovate teeth 
acute ; corolla very slender, loosely strigose, about 3 cm. long, its lobes lanceolate, 
acutish ; stamens about 5 cm. long, united to above the middle ; legume linear, 
somewhat compressed, densely velutinous, 29-35 cm. long, about 16 min. wide 
and 8 mm. thick, with a narrow sunken median area and thickened margins. 

Near Fredonia, Antioquia, Colombia, Mnv 27, 1926, Carlos E. Char don IS 5, type 
(N. Y.). Venecia, Antioquia, Chardon 137. SonsOn, Antioquia, Archer 65 7, 659 (fruit- 
ing bpecimens). 

43. Inga eriocarpoides Britton & Killip, sp. nov. 

Ramuli petioli inflorescentiaque dense brevipubescentia ; rachis inter jugum 
quodque foliolorum late alata, glandulis orbiculatis; foliola ^-5- juga, ovato- 
oblonga vel ovato-lanceolata, subchartacea, acuta, costa supra pubescente, sub- 
tus pflosa; flores spicati, alabastris oblongis; calyx dense brevipubescens ; 
corolla dense et longe strigosa; stamina infra medium conjuncta; legumen 
lineare, rectum, compressum, dense velutinum, duplo longior quam latior. 

Twigs, petioles and inflorescence densely short-pubescent. Leaf-rachis 
broadly winged between each pair of leaflets, the glands orbicular, concave; 
leaflets 4 or 5 pairs, ovate-oblong to ovate-lanceolate, subchartaceous, 6-12 cm. 
long, 2.5-4 cm. wide, the apex acute, the base rounded or obtuse, the upper sur- 
face obscurely veined, pubescent on the midvein, otherwise glabrate, the under 
side delicately veined and reticulated, the midvein pilose; peduncles rather 
slender, 5-7 cm. long; flowers spicate, the spikes somewhat shorter than the 
peduncles ; buds oblong, obtuse ; calyx 12-17 mm. long, densely short-pubescent, 
its teeth ovate, acute; corolla about 25 mm. long, densely long-strigose, its 
ovate-lanceolate lobes acute; stamens nearly 5 cm. long, united below the 
middle; legume linear, straight, compressed, densely velutinous, slightly con- 
stricted, short-tipped, about 22 cm. long, 8-10 mm. wide, 3-4 mm. thick. 

Vicinity of Medollln, Antioquia, Colombia, March 19, 1926, Toro 67, type (N.Y.). 

44. Inga fredoniana Britton & Killip, sp. nov. 

Bamuli inflorescentiaque dense tomentosa ; foil! rachis late alata, glandulis 
inconspicuis ; foliola 4r*5-juga, chartacea, oblongo-lanceolata vel (suprema) 
oblongo-obovata, acuta, subtus dense tomentosa; flores pubescentes, in spicis 
densis brevibus ; calyx campanulatus, dentibus brevibus ; stamina ultra medium 
conjuncta ; legumen subterete, crassum. dense puborulum, valde pluricostatum. 
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Twigs, inflorescence and under leaf-surl‘aces densely tomentose, tlie upper 
leaf -surfaces densely short-pubescent. Leaf-rachis broadly winged, bearing 
an inconspicuous gland between each pair of leaflets; leaves short-petiolcd : 
leaflets A or 5 pairs, chartaceous, oblong-lanceolate, or the upper pair oblong- 
obovate, strongly many-veined, acute or acutish, dark green above, pale beneath, 
5-9 cm. long ; flowers in dense short spikes, the peduncles 2-G cm. long ; bract- 
lets suborbicular, about 2 mm. broad ; calyx campanulate, 7 mm. long, densely 
short-pubescent, its teeth ovate, about 1 mm. long, acute; corolla about 2 cm. 
long, densely long-pubescent, its lobes oblong-lanceolate, acute; stamens about 
2.5 cm. long, united to above the middle; legume subterete, stout, densely 
puberulent, about 90 cm. long, strongly several-ridged, constricted irregularly, 
its maximum thickness about 2 cm. 

Fredonla, vicinity of Medellin, Antioquia, Colombia, December 20, 1927, Toro 
type (N.Y.) Cartago, El Valle, Andrd 216, in part. 


45. Inga pseudospuria Britton & Killip, sp. nov. 

Arbor fere ubique dense rufo-tomentosus ; racliis anguste alata, glandulis 
sessilibus, concavis ; foliola 4-5-juga, chartacea, oblongo-lanceolata, oblonga vel 
(suprema) oblongo-obovata, obtusa vel subacuta, apiculata, supra in veniis 
pubescentia, demum glabrata ; flores spicati ; calyx dense pubescens ; corolla 
strigosa; legumen terete, elongatum, tenuissimum, tenuiter costatum. 

Tree. 5-8 m. high, the twigs, leaf rachis, under surface of leaves, inflores- 
cence and legumes densely rufo-tomentose. Petiole and rachis 10-12 cm. long, 
the rachis between each pair of leaflets narrowly winged and bearing a sessile 
concave gland 1-1.5 mm. in diameter ; leaflets 4 or 5 pairs, chartaceous, oblong, 
oblong-lanceolate, or (upper pair) oblong-obovate, G-12 cm. long, 2-4 cm. wide, 
obtuse or subacute and apiculate at apex, rounded or obtuse at base, the faintly 
shining upper surface pubescent on the veins, otherwise glabrate when old ; 
peduncles stout, 1-5 cm. long; flowers in spikes 2-3 cm. long; calyx densely 
pubescent, 10-12 mm. long, its teeth ovate-lanceolate, acute; corolla strigose, 
about 20 mm. long, the teeth ovate-lanceolate, acute; stamens about 3.5 cm. 
long; legume terete, very slender, 15-30 cm. long, only 5-6 mm. in diameter, 
finely several-ridged. 


.... 9pen hillside, north of Labateca, Norte de Santander, Colombia, 1480-1350 m. 
a^itude, March 12. 1927 , Killip Smith 2 052 type (N.Y.) Bello, Antioquia, Toro 7 ?<?. 
Without locality, Mutis 2255 . Rabo de mono. 


46. Inga chinacotana Britton & Killip, sp. nov. 

Arbor, ramulis foliorum rachide inflorescentiaque dense brunneo-tomen- 
tofiis; rachis inter jugum quodque foliolorum alata, glandulis orbiculatis, con- 
cavis ; foliola 5-S-juga, chartacea, oblonga vel oblongo-lanceolata, longe acumi- 
nata, supra brevipubesccntia, subtus hirsutula ; flores spicati ; calyx subcyliu- 
drica, dentibus ovato-lanceolatis ; corolla longe strigosa : stamina infra medium 
conjuneta. 


^ * ree » S-H m * high, with densely brown-tomentose twigs, leaf-rachis and 
inflorescence. Petiole and rachis 10-20 cm. long ; rachis winged between each 
pair of leaflets, and having sessile orbicular concave glands about 1.5 mm. in 
diameter ; leaflets 6-8 (rarely 5) pairs, chartaceous, oblong or oblong-lanceolate, 
long-acuminate, 3-10 cm. long, 1-4 cm. wide, rather strongly pinnately veined, 
short-pubescent above, hlrsutulous beneath; peduncles rather stout, 3-7 cm’ 
long, the buds oblong or obconic ; flowers in spikes about 8 cm. long, or shorter • 
calyx subeylindric, densely tomentose, 14-16 mm. long, its ovate-lanceolate teeth 
?l U i e : T f°^ 11 . a tensely long-strigose, about 23 mm. long; stamens about 5 cm. 
long, united below the middle. 

Pj- m Pl°nita and Chinficota, Norte de Santander, Colombia ISOO-lROn m 
gititude, edge of woods, March 17, 1927, killip 6 tvne m % 

Suratd, Santander, Killip & Smith 16^88. Vicinity of Medellin, Archer B9, 558, 8$1.^ 
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47. Inga Holtonii Pittier, Contr. U. 8. Nat. Herb. 18: 213. 1916. 

Tjpe locality : Cauca River, Colombia. 

La Paila, El Valle, Holton 1004 (type). Buga, El Valle, Lehmann 77 9. El Valle, 
Pennell , Killip & Haaen SJ52; Ktlllp d Haaen 110 $3; Kllhp 11165, Popayln, Lehmann 
5752, GUAMO MACHETO, GUAMO BEJITCO. 

48. Inga codonantha Pittier, Contr. U. S. Nat. Herb. 18: 202, pi. 102. 1916. 
Type locality : Campoalegre, Colombia. 

Colombia, Mutis 352 2, 4919. Campoalegre, LanglatsC 27 (tspe). La Mesa, Cundi- 
namarca, Trlana. 

49. Inga venosa Griseb. FI. Brit. W. Ind. 711, hyponym 1864. Benth. Trans. Linn. 

Soc. 30 : 623. 1875. 

Type locality : Trinidad. 

Medellin, Toro 8^3. Trinidad. Venezuela (?), 

50. Inga fastuosa Willd. Sp. PL 1014. 1806. 

Mimosa fastuosa Jacq. Fragm. 15, pi. 10. 1809. 

Type locality : Caracas, Venezuela 

Sonsdn, Anlioquia, Archer 656. Venezuela. Guamo cajetq. 

51. Inga villosissima Benth. Trans. Linn. Soc. 30 : 624. 1875. 

Tyne locality ; Near Tovar, Venezuela. 

Colombia, J lutib 36 $8. Venezuela. 

52. Inga sierrae Britton & Killip, sp. nov. 

Frutex vel arbor pnrva, ramulis foliorum rachiclibus pedunculisque brunneo- 
tomentosis ; racliis anguste alata, glandulis crassis, brevistipitatis ; foliola 3-4- 
juga, coriacea, ova la vel elliptica, acuta vel breviter acuminata, supra laxe 
pubescentia, demum glabrala, subtus in veniis villosa; flores brevispicati (vel 
subcapitati?) ; legumon compressum, curvatum, dense brunneo-tomentosum. 

A shrub or small tree, 1.5-5 m. high, with stout twigs, the leaf-rachis and 
tbe sliort stout peduncles densely brown-tomentose. Petiole and raebis 4-10 
cm. long, the rachis narrowly winged, the glands stout, short-stipitate ; leaflets 
3 or 4 pairs, coriaceous, ovate or elliptic, 4-9 cm. long, acute or short-acuminate 
at apex, obtuse or rounded at base, loosely pubescent, becoming glabrous and 
lustrous, with impressed veins above, villous, at least on the elevated veins 
leneath; fruiting peduncles 2-4 cm. long: flowers short-spicate (or subcapi- 
tate?) ; old calyx long-pubescent, about 10 mm. long, its teeth lanceolate, acute; 
legume compressed, about 15 cm. long, 2.5-3 cm. wide, about 7 mm. thick, 
curved, sometimes nearly into a circle, densely brown-tomentose, its margins 
scarcely elevated. 

La Sierra, north of Medellin, Anlioquia, Colombia, about 2000 m. altitude, January, 
1031, \V. A. Archer 1366, tjpa (U.S.). 

53. Inga pseudofastuosa Britton & Killip, sp. nov. 

Dense brcvipubescens ; folii rachis conspicue alata ; foliola 3-4-juga, char- 
tacoa, late elliptica vel elliptico-obovaia, nitida, acuta, subtus crasse reticulata ; 
flores dense spicati ; calycis dentes ovati, acuti ; corolla dense et longe strigosa, 
lobis lanceolatis, acutis. 

Leaf-racbis stout, densely sbort-pubescent, conspicuously winged between 
the pairs of leaflets, tbe pubescent, strongly veined wings 1-1.5 cm. wide. 
Leaflets 3 or 4 pairs, chartaceous, broadly elliptic or elliptic-obovate, 10-18 cm. 
long, 6-11 cm. wide, lustrous, short-pubescent, and faintly veined above, strongly 
veined, pilose-pubescent, and coarsely reticulate beneath, the apex acute, the 
base obliquely rounded, the midvein prominent on both sides ; peduncles slen- 
der, densely short-pubescent, about 10 cm. long ; flowers in dense spikes 2-4 cm. 



124 


ANNALS NEW YORK ACADEMY OF SCIENCES 


long ; calyx about 12 mm. long, densely short-pubescent, its ovate teeth acute ; 
corolla about 2 cm. long, densely long-strigose, its lobes lanceolate, acute; 
stamens 3-4 cm. long. 

Isla brava, Rio Magdalena, Colombia, August 6, 1875, Andre 216 in part, type (N.Y.). 
^Colombia, 3629. Placed in this relationship with hesitation, the rachis-glands 

being obscure in the specimens examined. 


Inga, Fendleriana Benth. (recorded by Bentham with the type locality, 
Valley of Macarao, in Colombia) was really from Venezuela. 


2. ENTEROLOBIUM Mart. Flora 20: Beibl. 117. 1837. 

Type species : Mimosa contortisiliqm Veil. 

1. Enterolobium cyclocarpum (Jacq.) Griseb. FI. Brit. W. Ind. 226. 1860. 
Mimosa, cyclocarpa Jacq. Fragm. 80. 1801. 

Wrosopis dubia H. B. K. Nov. Gen. & Sp. 6 : 309. 1824. 

Type locality : Caracas, Venezuela. 

Santa Marta, E. H. Smith 9 32. Matojiro. Espina & Giacometto B. 5. Lands of 
Loba, Bolivar, Curran 2 96. Bucaramanga, Santander, Killip <£ Smith 19064 (cul- 
tivated). Venezuela; Panama to Tamaullpas and Sinaloa; Jamaica; Cuba. Widely 
planted in tropical regions for shade. Orejero. anjera, carito, oridra, pi$0n. 


3. PITHECELLOBIUM Mart. Hort. Monac. 188. 1829. 


Type species: Mimosa XJnguis-cati L. 
Key to Species of Pithecellobium 


Flowers spicate. 

Spikes 4-12 cm. long. 

Corolla about 12 mm. long; stamens 5-G 

cm. long 

Corolla 6-7 mm. long ; stamens much shorter. 

Ovary glabrous 

Ovary pubescent 

Spikes only about 1 cm. long, or shorter 

Flowers capitate. 

Corolla 2-3 mm. long; stamens white. 

Leaflets glabrous; pods at length glabrate.. 
Leaflets pubescent on both sides ; pods densely 

pubescent 

Corolla 5-7 mm. long; stamens pink. 

Leaflets obovate, usually emarginate, up to 

2 cm. long 

Leaflets oblong-elliptic, obtusely acuminate, 
longer. 

Flowers and leaflets glabrous 

Flowers canescent ; leaflets pilosulous 


1. P. hymenwcdfolium. 

2. P. spinulosum. 

3. P. lanceolatum. 

4. P. Pittieri . 


5. P. dulcc. 

6. P. microchlatnys. 

7. Z\ subglabosum. 


8. P. forfcx . 

9. P. pubescent. 


The generic name is often spelled Pithccol odium and Pithccollobinm. 


1. Pithecellobium hymenaeaefolium (H. & B.) Benth. Lond. Joum. Bot. 3: 198. 
1844. 


Inga hymencDcejolia H. & B.; Willd. Sp. PI. 4: 1008. 1806. 
Pithecellobium panamense Duch. & Walp. Linnsea 23: 746. 1850. 


Type locality : Caripe, Venezuela. 

Marta, E. E. Smith 105. Lands of Loba, Bolivar, Curran 228. Goajlra, 
5S0m *JsiacurI, Atlfintico, Dugand 888. Panama ; Venezuela. PayandI, uSa de 

TIGRE. 1 



BRITTON AND KILLIP, MIM08ACM2E AND 'CIESALPINAGBM 125 


2. Pithecellobium spinulosum Pittier, Contr. U. S. Nat. Herb. 20 : 459. 1922. 

Type locality: Loba, Bolivar, Colombia. 

Loba, Bolivar, Curran 48, 169 (type). Rio Magdalena, Atlftntico, Dugand 520. En- 
demic. Buchb, buchb blanco. 

3. Pithecellobium lanceolatum (H. & B.) Benth. Lond. Joum. Bot. 5: 105. 1846. 

Mimosa ligustrina Jacq. Fragm. 29. 1801. 

Inga lanceolata H. & B.; Willd. Sp. PI. 4: 1005. 1806. 

Pithecellobium ligustnnum Klotzsch ; Benth. Trans. Linn. Soc. 30 : 571. 1875. 
Not Benth. 1844. 

Type locality: Nova Barcelona (Venezuela). 

Common in northern Colombia. Venezuela ; Costa Rica to Sinaloa. Espino, tiraco, 

FAYANDfi, BUCHH, GALLINERO. 

4. Pithecellobium Pittieri Britton & Killip. 

Pithecellobium oblongum Benth. sensu Pittier, Contr. U. S. Nat. Herb. 20: 
463. 1922. Not Benth. 1844. 

Santa Marta, H. H. Smith 28a , tjpe (Gray Herb.). Turbaco, Bolivar, Killip d Smith 
14812. Venezuela; Trinidad. 

5. Pithecellobium dulce (Roxb.) Benth. Lond. Joum. Bot. 3: 199. 1844. 

Mimosa dulcis Roxb. PI. Corom. 1 : 67. 1795. 

Type locality: Coromandel, East Indies. 

Frequent in northern Colombia. Often confused with P. Unguis-cati (It.) Mart., 
which has glabrous flowers, and is not known to occur in Colombia. Venezuela ; British 
Guiana ; Panama to Sonora. Much planted for ornament and shade in tropical regions. 
Naturalized in tropical Asia. Dindd, ojito de Nlna, az^buche, gallinero. 

6. Pithecellobium microchlamys Pittier, Arb. & Arb. Venez. dec. 4-5 : 48. 1925. 

Type locality : Barquisimeto, Lara, Venezuela. 

Ponedera, AtMntico, Dugand 777. Tocaima, Cundinamarca, P6res 2156 , 2285. 
GuataquI, Cundinamarca, Pdres. Tiraco. 

7. Pithecellobium subglobosum Pittier, Contr. U. S. Nat. Herb. 20 : 463. 1922. 

Type locality: Santa Marta, Colombia. 

Santa Marta, IT. JET. Smith 809. 809a (co-type). ?Huila, Rusby do Pennell 845 
(legumes only). Rio Magdalena, Andr& 185 7. Endemic. 

8. Pithecellobium forfex (Kunth) Benth. Lond. Joum. Bot. 3: 199. 1841. 

Inga forfex Kunth, Mim. 32, pi. 16 . 1820. 

Type locality : Cartagena, Colombia. 

Santa Marta, II. II. Smith 26, 80S; Barranquilla, Elias 844 , 1109; Dugand 7 80. 
Turbaco, Bolivar, Killip <G Smith 1 \2 00 T 14888 . Endemic. Buchd Colorado, tiraco. 

9. Pithecellobium pubescens (Bert.) Benth. Journ. Bot. Hook. 2: 141. 1840. 

Inga pubescens Bert.; DC. Prodr. 2 : 437. 1825. 

Inga paniculata Spreng.; DC. Prodr. 2: 437. 1825. 

Type locality: Santa Marta, Colombia. „ _ - 

Santa Marta, II. H. Smith SO 7, 695, 698. Barranquilla, Elias 885; Paul 45, B. 4*. 
Cartagena, JSTcrtbcrto 27 8. SincC, Bolivar, Pennell 4020 . British Guiana (according 
to Bentham). 

Pithecellobium polyeephahim Benth. and P. multiflorum (H.B.K.) Benth. 
recorded from Colombia by Bentham, are not now represented by Colombian 
specimens in the Kew Herbarium. They are species with very small flowers 
and flat legumes, probably related to Albieaia. 

4. KLUGIODENDRON Britton & Killip, gen. nov. 

Arbores inernues; folia bipinnata, pinnis 1-jugis, foliolis l-jugis, glandula 
petlolulorum oblonga, sessile; inflorescentia axillaris vel terminalis, floribus 
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in capitulis globosis, pedunculate ; bracteohie umpire ; calyx 5-lobatus ; corolla 
4-5-lobata ; stamina ca. 20, infra medium conjuncta ; legumen coriaceum, planum, 
obliquissimum, ad marginem alterum valde crenatum, ad alterum brevitor 
crenatum, curvatum, valvis post debiscentiam tortuosis ; semina ariilala, arillo 
earnoso. 

Unarmed trees, the bipinnate leaves with 1 pair of pinnae, the large leaflets 
also 1 pair, the petiolules bearing an oblong sessile gland. Inflorescence axil- 
lary or terminal, the flowers several or many in peduneleil globose heads; 
bractlets large, as long as the calyx, or longer, deciduous, lanceolate, acuminate. 
Calyx 5-lobed. Corolla 4-5-lobed. Stamens about 20, united somewhat above 
the base. Young legume coriaceous, flat, very oblique, deeply crenate on one 
margin, shallowly crenate on the other, curved, glabrous, very densely trans- 
versely veined, the veins anastomosing (Klug 9oo, Loreto, Peru). Mature 
legume-valves twisting after dehiscence ; seeds with a short, white, fleshy aril 
(according to Poeppig and Endlicher). 

Type species: Klugiodendron lsetuin (Poepp. & Endl.) Britton & Killip (Inga htia 
Poepp.) ; Pithecellolnum Iwtum Benth. ; P. polycarpum Poepp. & Endl.), a native of Peru. 


1. Klugiodendron umbrianum Britton & Killip, sp. nov. 

Arbor, ramulis brevipilosis ; foliola ovato-lanceolata, longe acuminata, sos- 
silia, supra glabra, subtus in costa laxe strigosa ; inflorescentia axillaris, pedun- 
culis brevipilosis : bracteolre lanceolatoe; calycis dentes piloso-ciliali ; cordite 
lobi acuti, ciliolati. 

A tree, about 6 m. high, the slender twigs loosely short-pilose. Leaves 
bipinnate, the slender petiole 3.5-5 cm. long; pinme 1 pair; petiolules rather 
stout. 10-13 mm. long, bearing an oblong sessile gland below the leaflets ; leaflets 
1 pair, sessile, ovate-lanceolate, long-acuminate, submembranous, dull, pin- 
nately and reticulate-veined, 8-11 cm. long, 2.5-4 cm. wide, glabrous above, 
loosely strigose on the midvein beneath, slightly inequilateral, the base nar- 
rowed : inflorescence axillary, of 2 small slender-pod uncled heads borne on a 
rather stout, short-pilose stalk about 2.5 cm. long ; peduncles short-pilose, .‘1.5-4 
cm. long; heads few-several-flowered; bractlets lanceolate, acuminate, pilose, 
2-3 mm. long; calyx 2 mm. long, its 5 lanceolate teeth pilose-ciliate ; corolla 
about 4 mm. long, its 4 or 5 ovate, acute lobes ciliolate ; stamens white, about 
6 mm. long, the filaments united to about the middle. 


ber, C ° l0mbia ’ in for,?st ftt 323 “• 


5. ABAREMA Pittier, Arb. & Arb. Lcgum. 56. 1927; Trab. Miu. Com. 
Venez. 2: 86. 1927. 

[Jupunba. Britton & Roto, N. Am. Flora 23 : 24. 19281 
Type species: Piihecdlobium Avan nwtemo Mart. 


1. Abarema Jupunba (Willd.) Britton & Killip. 


Acacia Jupunba Willd. Sp. PI. 4: 1087. 1806. 

Mimosa trapezijolia Vahl, Eclog. 3 : 36. 1807, 

Pithecellobium trapezifolium Benth. Joum. Bot. Hook. 2: 142 1840 
Pithecellobium Jupunba Urban, Symb. Ant. 2 : 257. 1900 

Ai Venez* ^ & Arb * Leglim * 56 * 1927 Trab. Mus. Com. 

Jupunba Jupunba Britton & Rose, N. Am. Flora 23 : 27. 1928. 

Jupunba trapezijolia Moldenke, Bull. Torrcy Club 59: 155. *1932. 


Type locality : Par8, Brazil. 

Puerto Wilches, Santander, Killip <£ Rmith 1\ 831. El Humbo, Bovacfl Lawrancc iff/ 
Guadeloupe t0 Braz11 ’ Bolivia ‘ Trinidad, Tobago aiT°^ 
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6. PUN JUBA Britton & Bose, N. Am. Flora 23: 2S. 1928. 

Tjtdo species: Pithecellobium racemiflorum Donn, Smith. 

Key to Species of Punjuba 

Leaves glabrous; upper leaflets 12-15 cm. long.. 1. P. Killip tl. 

Leaflets pubescent on both sides, 5-S cm. long 2. P. Lchmannii. 

1. Punjuba Killipii Britton & Bose, sp. nov. 

Arbor, ramulis dense puberulis; foliola 3-4-juga, acuminata, reticulata, 
glabra, jugo supremo late oblanceolato, ceteris elliptic^ vel ovatis; flores in 
spicis axillaribus pedunculatis puberulis ; calycis dentes breves et lati ; oorolbe 
lobi ovati, acuti ; stamina ultra medium conjuncta ; legumen juvenile spirale, 
latere altero reticulate, altcro piano. 

A tree, the young twigs densely puberulent, the leaves glabrous, except the 
short puberulent petiolules. Pinnse 1 pair; petiole rather stout, 4 or 5 cm. 
long; rachis slender, bearing a small suborbicular depressed gland between 
each pair of leaflets ; leaflets 3 or 4 pairs, subchartaceous, acuminate, reticulate- 
veined, the upper pair broadly oblanceolate, about 15 cm. long, the others 
elliptic to ovate, 7-12 cm. long; flowers white, in dense axillary peduncled 
puberulent spikes about 10 cm. long, the peduncles 5-12 cm. long ; calyx 2 mm. 
long, its teeth short and broad ; corolla 0-7 mm. long, its ovate lobes acute ; 
stamens 10-11 mm. long, united to above the middle; young legume flat, 
spirally coiled, strongly reticulate-veined on one side, smooth on the other, 
7-12 cm. long, about 12 mm. wide, its narrow margins slightly elevated. 

Open mils, Salento, Caldas, Colombia 1700-1900 m. altitude, July 23-31, 1922 
KilUp 90 }3, type (NY.). A barren specimen from Cali (Jjidrd 2625), with glabrous, 
similar leaflets, may be referable to this species. 

2. Punjuba Lehmannii Britton & Bose, sp. nov. 

Dense puberula ; foliola 3-4-juga. ovata. elliptica vel (suprema) obovato- 
elliptica, supra brevipuhesccntia, subtus pilosa, rachidis glandulis depresses; 
spiefe axillares ; calycis dentes acuti ; corolloe lobi ovato-oblongi, acuti ; stamina 
alte in tubum connata. 

Twigs, petioles, leaf-rachises and inflorescence densely puberulent. Petioles 
rather stout, 1.5-4 cm. long; rachis bearing an inconspicuous depressed gland 
between some of the pairs of leaflets ; pinme 1-pair ; leaflets 3 or 4 pairs, sub- 
chartacoous, acute, ovate, elliptic, or (the upper ones) obovate-elliptic, 5-8 cm. 
long, roticulate-veined, dark green and loosely short-pubescent above, pale 
and rather densely pilose beneath; spikes axillary, dense, about 12 cm. long, 
on peduncles 3-4 cm. long ; calyx 2.5 mm. long, its ovate teeth acute ; corolla 
about 0 mm. long, with ovate-oblong acute lobes ; stamens about 12 mm. long, 
united to much above the middle ; legume spirally coiled, about 20 cm. long 1-1.2 
cm. wide, glabrous, the margins slightly elevated. 

Nopaya, Colombia, 1000-2000 m. altitude, Lehmann H.T. 36 1. type (NY, fruiting 
specimen at Kew), 8624. 

7. CO JOB A Britton & Bose, N. Am. Flora 23: 29. 1928. 

Type species: Mimosa arborea L. 

Key to Species of Cojoba 

Leaves bipinnate ; leaflets 15-30 pairs, 6-8 mm. long. . 1. C . oolombiana. 
Leaves once pinnate; leaflets few pairs, 2-12 cm. long. 


Leaflets 4-8 pairs, 2-6 cm. long 2. C. tululifcm. 

Leaflets 1-5 pairs, 3-12 cm. long 3. C. imfesccns. 


1. Cojoba colombiana Britton & Killip, sp. nov. 

Kami juveniles foliorum raohis pedunculique dense puberula; folia bi- 
pinnata, glandulis sessilibus, rotundis, pinnis 13-17-jugis, fere sessilibus, 
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foliolis 18-30 jugis, anguste oblongo-lanceolatis, obtusis, glabris, costa excen- 
trica ; pedunculi solitarii vel bini ; capitula globosa, multiflora ; calyx campanu- 
latus ; corolla subtubulosa ; lcgumen stipitatum, inter scmina alte coustrictum, 
glabrum. 

Young branches, laef-rachis and peduncles densely puberulent. Leaves bi- 
pinnate, 1.6-2 cm. long; petioles 2-3 cm. long; rachis bearing sessile circular 
glands 0.5-0.8 mm. in diameter between many of the pairs of pinnm ; pinnee 13- 
17 pairs, very nearly sessile, 5-S cm. long; leaflets 18-30 pairs, narrowly ob- 
long-lanceolate, slightly curved upward, subchartaceous, glabrous, obtuse, 
faintly veined with the midvein excentric, 6-8 mm. long, about 2 mm. wide ; 
peduncles solitary, or 2 together in the axils, very slender, 2-3 cm. long ; heads 
globose, about 1.5 cm. in diameter, many-flowered ; calyx campanulate, 2 mm. 
long, 6-toothed ; corolla nearly tubular, 5 mm. long, 6-toothed, the ovate teeth 
acute; stamens about 10 mm. long, united below the middle; legume about 8 
cm. long, or longer, stipitate, very deeply constricted between the seeds, the 
seed-bearing portions ellipsoid, 8-12 ram. long, nearly 10 mm. in diameter, 
glabrous, reticulate-veined. 

Vicinity of Medellin, Antioquia, Colombia, 1927, R. A. Toro type (N.Y.). 

2. Cojoba tubulifera (Benth.) Britton & Rose, N. Am. Flora 23: 32. 1928. 

Inga tubulifera Benth. Lond. Journ. Bot. 4: 584. 1845. 

Pithecellobium tvbvliferum Pittier, Contr. U. S. Nat. Herb. 18: 181. 1916. 

Type locality : Panama. 

Northwestern Colombia, Barclay. Panama. 

3. Cojoba rufescens (Benth.) Britton & Rose, N. Am. Flora 23: 32. 1928. 

Inga rufescens Benth. Lond. Journ. Bot. 4 : 585. 1845. 

Inga alobulifera Benth. loc. cit. 1845. 

Inga BUlbergiana Benth. loc. cit. 1845. 

Pithecellobium rufescens Pittier, Contr. U. S. Nat. Herb. 18: 181. 1916. 

Type locality: Island off the coast of Vcrapuas, Panama. 

La Mojana, Atlfintico, Dugan d 60£. Panama. 

8. ARTHROSAMANEA Britton & Rose, gen. nov. 

Arbores fruticesve inermes ; folia bipinnata ; inflorescentia racemosa, race- 
mis axillaribus vel terminalibus, floribus in fasciculis brevipedunculatis ; calyx 
5-dentatus ; corolla 5-lobata ; stamina numerosa, parte connata ; legumen planum 
vel compressum, lineare, inter semina septatum, demum in articulos secedens, 
marginibus undulatis. 

Unarmed trees or shrubs with bipinnate leaves. Inflorescence racemose, 
the racemes axillary or terminal, the flowers sessile, in dense short-pedunclcd 
clusters. Calyx 5-toothed. Corolla 5-lobed. Stamens numerous, tlioir filaments 
partly united. Legume flat or compressed, linear, narrow, septate between 
the seeds, ultimately breaking transversely, its margins undulate. 

Type species : Mimosa pistacicc folia Willd. 

1. Arthrosamanea pistaciaefolia (Willd.) Britton & Rose. 

Mimosa pistadcefolia Willd. Sp. PL 4: 1028. 1806. 

Samanea vistasicefolia Dugana, Apunt. Hist. Nat. Dept. Atl&ntico 31. 1933. 

Pithecellobium jnstacice folium Standi.; Dugand, Apunt. Hist. Dept. 

Atl&ntico 31. 1933, as synonym. 

Type locality : Caracas, Venezuela. 

San Martin de Loba, Bolivar, Curran $$, H- Estrella, Bolivar, Curran 800. Fo- 
nedera, Atl&ntico, Dugand 809. Oamarra, Magdalena, Dawe $$7. Venezuela, and per- 
haps Ecuador. GuayacAn chap^bbo, guayacAn hobo, guayacAn cenega. 



BRITTON AND KILLIP , MIMOSAQEJE AND GJEBALPINAOEM 129 


9. SAMANEA Merrill, Journ. Wash. Acad. Sci. 6: 46. 1916. 

Type species: Mimosa Saman Jacq. 

1. Samanea Saman (Jacq.) Merrill, Journ. Wash. Acad. Sci. 6: 47. 1916. 

Mimosa Saman Jacq. Fragm. 15. 1800. 

Inga salutans H. B. K. Nov. Gen. & Sp. 6 : 304. 1823. 

Pitkecellobium Saman Benth. Lond. Journ. Bot. 3 : 216. 1844. 

Type locality : Caracas, Venezuela. 

Frequent in Colombia, much planted for shade, as throughout tropical America. 
Venezuela; Panama to Nicaragua. SaaiIn, campano. 

10. CHLOROLEUCON (Benth.) Britton & Rose, N. Am. Flora 23 : 36. 1928. 

[Cathormitjm Hassk. sens. Pittier, Arb. & Arb. Legum. 54, 1927. Trab. Mus. Com. 
Venez. 2 : 84. 1927, not Hassk.] 

Type species: Pitkecellobium vincentis Benth. 

Key to Species of Chloboleucon 

Leaflets 8-10 pairs, linear, 4-7 mm. long 1. C. mangense . 

Leaflets 3-6 pairs, elliptic to obovate, 6-9 mm. long. . . 2. O. bogotense. 

1. Chloroleucon mangense (Jacq.) Britton & Rose, N. Am. Flora 23 : 38. 1928. 

Mimosa mangensis Jacq. Enum. 34. 1760. 

Mimosa parvifolia Sw. FI. Ind. Occ. 984. 1800. 

Inge marthce Spreng.; DC. Prodr. 2 : 441. 1825. 

Pitkecellobium parvifolium Benth. Lond. Journ. Bot. 3 : 223. 1844. 
Pitkecellobium mangense Macbr. Contr. Gray Herb. 59 : 3. 1919. 
Enterolobium mangense Fawcett & Rendle, FI. Jam. 4: 151. 1920. 
Cathormium mangensis Dugand, Apunt. Hist. Nat. Dept. Atlantico 32. 1933. 
Type locality: Mango Island, Cartagena, Colombia. 

Santa Marta, R. H. Smith 2064* 2065. Barranquilla, EUas 186 Arjona, Bolivar, 
Killip <£ Smith 14494. Panama ; Jamaica ; French Guiana (according to Bentham) ; 
Brazil. Olla dd zorro. 

2. Chloroleucon bogotense Britton & Killip, sp. nov. 

Ramuli inermes; petioli brevipilosi, glandula conica vel subcylindrica ; 
pinnae 2-3-jugie ; foliola 3-6-juga, elliptica vel elliptico-obovata, glabra, obtusa 
vel rotundata, costa subexcentrica ; pcclunculi solitarii vel bini vel terni ; flores 
glabri; stamina infra medium conjuncta. 

Twigs very slender, unarmed, glabrous. Petioles and leaf-rachises slender, 
short-pilose, 2-4 cm. long ; petiolar gland conic to subcylindric, about 0.4 mm. in 
diameter; pinnre 2 or 3 pairs; r a chills? short-pilose, 1-3 cm. long; leaflets 3-0 
pairs, elliptic or elliptic-obovate, membranous, at least when young, glabrous, 
obtuse or rounded, 6-9 mm. long, obscurely veined above, several-nerved and 
pinnately veined beneath, the mklvein slightly excentric; peduncles solitary, 
or 2 or 3 together, glabrous, 10-10 min. long ; flowers capitate, glabrous ; heads 
several-flowered; calyx about 2 mm. long; corolla about 4 mm. long; stamens 
about 8 mm, long, united below the middle. 

Anapoima, near Bogota, Cundinamarca, Colombia, 500 m. altitude, Trlana 4b81, 
type (N.Y.). Without locality, Mutts 4911. Angarillo. 

11. ZYGIA P. Browne; St. Hil. Expos. Fam. Nat. 2 : 246. 1805. 

Type species: Mimosa latifolia L. 

Key to Species of Zygta 

Flowers capitate. 

Twigs and leaves glabrous or very nearly so; 
legume 10-15 mm. wide 


1. Z . latifolia. 
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Twigs and leaf-racliises pubescent ; legume about 

2 cm. wide 2. Z. pilosula. 

Flowers spicate or racemose. 

Petiole very short, or pinnae sessile; leaflets 

1-2 pairs 8 . Z. Ion gi folia. 

Petiole 2-3 cm. long; leaflets 4-6 pairs, very large 4. Z . Lthmannii . 

1. Zygia latifolia (L.) Fawcett & Rendle, FI. Jam. 4 2 : 150. 1920. 

Mimosa latifolia L Syst. ed. 10, 1310. 1759. 

Pithecellobium latifolium Bentk. Load. Joum. Bot. 3: 214. 1844. 

Type locality : Jamaica. 

Santa Marta, H. H Smith 929 ; Beifrte 371. Villavicencio, Meta, Pennell ltfk; 
Puerto Wilches, Santander, Kiilip d Smith 2 1131. Jamaica: Martinique; St. Vincent; 
Surinam (according to Bentham) ; Trinidad ; Venezuela ; Bolivia ; Brazil. 

2. Zygia pilosula (Pittier) Britton & Rose. 

Pithecellobium pilosulum Pittier, Contr. U. S. Nat. Herb. 20: 466. 1922. 
Type locality : San Martin de Loba, Bolivar, Colombia. 

Bolivar, Curran 19, 88 (type). Without locality, Mutis 3535. 86^5, 1971. 
^Venezuela. Gla\io macho. 

3. Zygia longifolia (H. & B.) Britton & Rose, N. Am. Flora 23: 40. 1928. 

Inga longifolia H. <fe B.; Willd. Sp. PI. 4: 1010. 1806. 

Pithecellobium ligustrinum Benth. Lond. Journ. Bot. 3: 213. 1844. 
Pithecellobium Yahlianum Benth. Trans. Linn. Soc. 30 : 594. 1875. 

Type locality : Tropical America. 

Frequent in Colombia. Panama to Nicaragua. Aufl. 

4. Zygia Lehmannii (Harms) Britton & Rose. 

Pithecellobium Lehmannii Harms, Repert. Sp. Nov. Fedde 17: 92. 1921. 
Type locality : Rio Cofre, Popayfln, Colombia 
Endemic*™ t0 US ° nly fr0m descril>tlon of the ^P e specimen (Lehmann 8989). 

12. HAVARDIA Small, Bull. N. Y. Bot. Gard. 2: 91. 1901. 

Type species: Pithecellobium brevifolium Benth. 

1. Havardia platyloba (Spreng.) Britton & Rose, N. Am. Floi^ 23 : 43. 


Acacia platyloba Spreng. Syst. 3: 144. 1826. 

Pithecellobium scriciflorum Benth. Lond. Journ. Bot. 5: 105, 
Pithecellobium platylobum Urban, Symb. Ant. 5: 360. 1908. 


1928. 


1846. 


Type locality : Magdalena River, Colombia. 

Venc!Sela a : AYubif rm 1 , .' , ‘ 3 °‘ " f * fco " 7 5i: Kl ' U “ d “ mlt " lmo > 

13. PSEUDOSAMANEA Harms, Notizbl. 11: 54. 1930. 

Type species: Acacia Guachapelc H. B. K. 

1. Pseudosamanea Guachapele (H. B. K.) Harms, Notizbl. 11: 54. 1930. 

Acacia Guachapele H. B. K. Nov. Gen. &. Sp. 6 : 281. 1824 
Lyjnloma Guachapele Benth. Trans. Linn. Soc. 30 : 533. 1875 
Pithecellobium longcpedatam Pittier, Contr. U. S. Nat. Herb *20 * 464 1922 
Samanea samamgua Pittier, Arb. & Arb. Yenez. dec. 4-5 : 54. 1925 
Albtzzia longepedata Britton & Rose; Record, Tropical Woods 11: 14. 1927 
Type locality : Near Guayaquil, Ecuador. 
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14. MACROS AM ANEA Britton & Rose, gen. nov. 

Arborcn inermes; folia bipiimata, glaudulifera ; florcs magni, in capitulis 
peduneulatis ; calyx angusto campanulatus, elongatus, 5-dentatus; corolla 
elongata, 5-lobata ; stamina numerosa, parte connata ; legumen subplanum, char- 
taceum, per unum marginem dehiscens. 

Unarmed trees, with bipinnate glanduliferous leaves, the very large flowers 
in peduncled heads. Calyx narrowly campanulate, elongated, 5-toothed. Co- 
rolla elongated, 5-lobed. Stamens numerous, long, their filaments partly united. 
Legume nearly flat, glabrous, chartaceous, longitudinally dehiscent along one 
suture. 

Tjpe species: Inga adlantifolta Kunth. 

1. Macrosamanea discolor (H. & B.) Britton & Rose. 

Inga discolor H. & B.; Willd. Sp. PI. 4: 1023. 1806. 

Mimosa f discolor Poir. in Lam. Encycl. Suppl, 1: 46. 1810. 

Inga adiantifoha Kunth, Mim. 66, pi. 21. 1820. 

Pitheccllobium adiantijolium Benth. Lond. Joum. Bot. 3: 218. 1844. 

Bamanea adiantijolia Pittier, Arb. & Arb. Venez. dec. 4-5 : 55. 1925. 

Tjpe locality: Atabnpo River (VonezuoLi-Colombia Boundary). 

Known to us from Colombia only from the descriptions and Kuntli's il- 
lustration. The tree here referred by authors, from British Guiana, appears 
to be a distinct species. 

15. ALBIZZIA Durazz. Mag. Tosc. 3: 11. 1772. 

Typo species: Albizzia Julibrissin Durazz. 

Key to Species of Albizzia 


Leaflets oblong to obovate, 2-4 cm. long; legume 12-20 

cm. long, glabrous; heads large 1. A. Lebb.cic. 

Leaflets linear to oblong, much smaller ; heads small. 

Legume densely pubescent; leaflets pubescent... 2. JL carbonaria. 
Legume (as far as known) glabrous. 

Heads borne in terminal and axillary panicles. 

Glabrous throughout 3 .A. Colombian a . 

Leaves pubescent ; flower-buds canescent. 4. A. Ion gi pcs. 
Heads solitary* axillary, long-pedunclod. 

Flowers densely oppressed-pubescent ; 

leaflets elliptic 5. A. chibiti. 

Mowers glabrous; leaflets linear-oblong. 6. A. martha. 


1. Albizzia Lebbeck (L.) Benth. Lond. Journ. Bot. 3; 87. 1844. 

Mimosa Lcbbcch L. Sp. PI. 516, 1753. 

T.vpo locality: TTnper Kg.\pt. 

Vicinity ol Medellin, Toro 488. Widely planted and naturalized in tropical Ame* 
ica. Native of the Old World tropics. 

2. Albizzia carbonaria Britton; Britton & Wilson, Sci. Surv. Porto Rico & Virgin 

Ids. 6 : 348. 1926. 

Albizzia malacocarpa Standby; Britton & Ro&e, N, Am. Flora 23: 44. 1928. 

Type locality: Grown at the Forest Station, Rio Piedras, Porto Rico, from seed 
from Palmira, Colombia. 

Frequent at middle elevations in Colombia. Panama ; FI Salvador. Mrcnn btavco, 

riSQUlN, CARBOXBRO DD SOMBRIO, GUAMUCIIB, DORMILtiX, BAYKTO AXTIOQUCSO, FlXCV. 

3. Albizzia Colombian* Britton, sp. nov. 

Arbor glaborrima; pinnae 2-5-jugte. petiolis ad vel infra medium glandu- 
lifcris, foliolis 15-25-jugis, anguste oblongo-lanceolatis, chartaceis. obtusis; 
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paniculae parvce, axLllares et terminates ; calycis dentes subacuti ; corollas lobi 
lanceolati, acuti; stamina pluria, ultra medium eonjuncta; legumen char- 
taceum, glabrum. 

A tree, about 15 m. liigb, or lower, glabrous throughout, the twigs slender. 
Petioles 2-5 cm. long, bearing a sessile, orbicular, slightly elevated gland near 
or below the middle ; leaf-rachis $-10 cm. long ; pinnae 2-5 pairs, the rachilhe 
6-9 cm. long; leaflets 15-25 pairs, narrowly oblong-lanceolate, chartaceous, 
obtuse, 4-nerved at base, sparingly and irregularly pinnate-veined, 10-14 mm. 
long, about 2 mm. wide ; heads forming small axillary and terminal panicles 
about 8 cm. long, or shorter; peduncles slender, 2-4 cm. long; calyx 2 mm. 
long, its short broad teeth acutish; corolla 5 mm. long, its lobes lanceolate, 
acute ; stamens many, 7-10 mm. long, united to above the middle ; legume flat, 
chartaceous, glabrous, about 15 cm. long and 2 cm. wide, the apex obtuse, short- 
tipped, the base narrowed. 

Near Bonda, Santa Marta, Magdalena, Colombia, August 3, 1899, E. H. Smith 88, 
type (N.Y.) ; 88a; 2067; Record 75. ?Tierrabomba Island, Bolivar, Killip d Smith 
U181. 

4. Albizzia (?) longipes Britton & Killip, sp. nov. 

Arbor grandis; petioli infra medium glanduliferi, glandula oblonga, sub- 
concava ; pinnce 4-6-jugse, foliolis 20-30-jugis, linearibus, acutis, membranaceis, 
dense puberulis ; capitula globosa, in paniculis parvis ; alabastra canescentla ; 
calycis dentes ovati, acuti ; corollm lobi oblongo-lanceolati ; stamina 00 et ultra, 
ad medium eonjuncta. 

A large tree, the twigs and the very slender petioles glabrous. Petioles 

4- 6 cm. long, bearing below the middle, a sessile, oblong, slightly concave gland, 
about 2 mm. long; leaf-rachis only 2 or 3 cm. long, with 4-6 pairs of pinnce 
about 2 cm. long, or shorter; leaflets 20-30 pairs, linear, membranous and 
densely puberulent-canescent when young, approximate, acute, about 3 mm. 
long and 0.5 mm. wide, the venation obscure ; heads small, globose, numerous, 
in small terminal and axillary panicles ; peduncles slender, glabrous, 4 cm. long, 
or shorter ; flower-buds canescent ; calyx 2.5 mm. long, its teeth ovate, acute ; 
corolla 5 mm. long, Its lobes oblong-lanceolate, obtuse; stamens 60 or more, 
nearly 10 mm. long, united to about the middle. 

. s &bana larga, vicinity of Barranquilla, Atl&ntico, Colombia, February, 1928, Brother 
Elias }99, type (N.Y.). Caho. 

5. Albizzia (?) dubia Britton & Killip, sp. nov. 

Ramuli foliorum rachis peduneulique breripilosa; rachidis glandulse 1-2, 
orbiculat®, subplanae ; pinnce 5-7-jugte, foliolis 10-16- jugis, oblique ellipticis, 
subcoriaceis, apice rotundis, basi truncatis, ciliolatis, supra glabris, subtus in 
costa pilosulis ; pedunculi solitarii, filiformes ; florcs capitati, dense appresso- 
pubescentes ; calycis dentes ovati ; corollce lobi ovato-lanceolati ; stamina infra 
medium eonjuncta. 

Twigs, leaf-rachis and peduncles short-pilose. Rachis bearing 1 or 2, orbi- 
cular, sessile, nearly flat glands about 1 mm. in diameter ; petiole short ; rachis 

5- 7 cm. long; pinnae 5-7 pairs ; rachillce short-pilose, 2.5-5 cm. long; leaflets 10- 
16 pairs, obliquely elliptic, subcoriaceous, 4-7 mm. long, 2-3 mm. wide, rounded 
at apex, truncate at base, ciliolate, glabrous above, pilosulous on midnerve 
beneath, the nearly central midvein elevated beneath, the pinnate lateral vena- 
tion obscure; peduncles axillary, solitary, filiform, 3-6 cm. long; flowers capi- 
tate, densely appressed-pubescent ; calyx 1.5 mm. long, its teeth ovate; corolla 

deeply lobed, the lobes ovate-lanceolate, acute; stamens about 12, 
about 7 mm. long, united below the middle. 

Colombia, 1760-1808, Ifutis 8581 , type (U.S.). 
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6. Albizzia marthae Britton & Killip, sp, nov. 

Ramuli glabri; petioli rachisque tenuissima, brevipubescentia ; glandula 
petiolaris orbiculata, subelevata; pin me 6-8-jugio, racbillis filiformibus, folio- 
lis 12-10-jugis, linoari-oblongis, membranaceis, glabris, subacutis; capitula 
solitaria, pedunculis tenuissimis ; florcs glabri; calyx anguste campanulatus, 
subtruncatus ; corolbe lobi lanceolati, acuti ; stamina ultra medium conjuncta. 

Twigs slender, glabrous. Petiole and leaf-rachis very slender, loosely 
short-pubescent, 5-7 cm. long, the petiole bearing an orbicular, slightly ele- 
vated gland about 1 mm. in diameter, or smaller; stipules oblong to elliptic, 
3-12 mm. long, longitudinally striate, obtuse; pinnae 6-8 pairs, 3-5 cm. long, 
the rachilla filiform ; leaflets 12-16 pairs, linear-oblong, membranous, glabrous, 
ucutish, 3-6 mm. long, 1-2 mm. wide, 4-nerved at base, the midnerve slightly 
excentric, the lateral venation meagre or obscure; heads solitary, several- 
many-flowered, axillary, on very slender peduncles 1.5-2 cm. long; flowers 
glabrous ; calyx narrowly campanulate, subtruncate, about 3 mm. long ; corolla 
5-lobed, about 6 mm. long, the lanceolate lobes acute; stamens many, about 
12 mm. long, the filaments united to above the middle. 

Santa Marta, Magdalena, Colombia, about 80 m. elevation, JI. H . Smith 296 , type 
(U.S.). 

16. CALLIANDRA Benth. Journ. Bot. Hook. 2: 138. 1840. 

[Anneslia Salisb. Parad. Lond. pi 6$. 1807] 

Type species: Calllandra Houston! (L’H6r.) Bentli. 

Key to Species of Calliandra 

A. Leaflets only 1 or 2 pairs, large, 2-10 cm. long, 

Leaflets subfalcate, acuminate, 7-15 cm. long. 

Heads large, many-flowered, axillary 1.0 . carbonaria. 

Heads very small, few-flowered, panicled. ... 2. 0. microcephala. 

Leaflets oblong, acute or obtuse, 2-7 cm. long. ... 3. C. glaberrima. 

B. Leaflets several or many, smaller. 

1. Leaflets chartaceous or subcoriaceous. 

a. Pinnae only 1 or 2 pairs. 

♦Leaflets 7-20 mm. long. 

Calyx teeth linear-lanceolate 4. O. angustidcns. 

Calyx teeth ovate (as far as known) . 

Leaflets 4 or 5 pairs 5. C. mcdellincnsis . 

Leaflets 8-15 pairs. 

Leaflets softly pubescent, 

dull, papillose 6. O. santa nderensis. 

Leaflets glabrous, lustrous, 
smooth. 

Leaflets 3-4 mm. wide, 

acute or subacute 7. C. Schnitzel 

Leaflets 4-6 mm. wide, 

rounded 8. C. colombiana. 

•♦Leaflets only 0-7 mm. long, obtuse. ... 9. C. magdalence . 

b. Pinnae several or many pairs. 

Calyx 5-7 mm. long. 

Corolla densely sericeous with long 
brown hairs: leaflets 20 pairs or 
fewer, about 1 cm. long 10. C. tolimcnsls. 

Corolla glabrous; leaflets 25 pairs 
or more, less than 5 mm. long. . 11. C. Purdici. 

Calyx 1.5-3 mm. long. 

Leaflets less than 1.5 mm. wide. 12. C. Pitticrl 

Leaflets 2-4 mm. wide. 

Leaflets 12-18 pairs, minutely 

ciliolate, smooth 13. O. dluei'sifolia. 
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Leaflets 30-40 pairs, pubescent, 

scaberulous 14. C . glomcrulata. 

2. Leaflets membranous or thin. 

Leaflets several to many pairs, linear to 
oblong, 1-5 mm. wide. 

Leaflets pubescent or ciliate. 

Leaflets linear-oblong, 10-16 mm. 

long 15. C. fiavida. 

Leaflets linear, 2-4 mm. long 16. 0 . camcasana . 

Leaflets glabrous. 

Stems 4-sided 17. C. tctragona . 

Stems terete 18. C . Toroana. 

Leaflets 3-6 pairs, elliptic to obovate, much 
wider 19. C . mar gin at a. 

1. Calliandra carbonaria Benth. Lond. Joum. Bot, 3: 95. 1844. 

Type locality : Popay&n, Colombia 

Nopaya, Lehmann Js. T. 565. Tolima, Lehmann £070. Dept El Cauca, Bartiocg 
96£ (type) ; Lehmann 2089 ; Andr& 27 55. Putumayo King 1716. Ecuador. 

2. Calliandra microcephala Britton & Killip, sp. nov. 

Glabra ; pinnae l-juga, foliolis sesqui-jugis, oblique ellipticis, membranaceis, 
longe acuminatis, ad basim rotundatis vel angustatis ; inflorescentia paniculata, 
capitulis parvis in fasciculis remotis, pedunculis flliformibus; calycis dentes 
acuti; stamina infra medium conjunctn. 

Glabrous throughout. Fetioles slender, 6-7 cm. long; pinna; 1 pair, the 
rachilla 2-2.5 cm*, long ; leaflets IV 2 pairs, very obliquely elliptic, membranous, 
6-nerved, reticulate-veined, 6-9 cm. long, 2-3.5 cm. wide, the apex acute or 
sharply long-acuminate, the base rounded or narrowed; inflorescence a very 
slender panicle, 18-27 cm. long, the small heads in distant fascicles ; peduncles 
filiform, about 2.5 cm. long, or shorter; calyx 1.2 mm. long, its teeth acute; 
corolla 3 mm. long, its ovate lobes acute; stamens many, about 4 mm. long, 
united below the middle. 

Colombia, 1760-1808, Mutia 407, type (U.S.), S800. 

Similar to O. amazonica Benth., of Peru, which has two pairs of leaflets 
and shorter panicles. 

3. Calliandra glaberrima (Benth.) Britton & Killip. 

Calliandra glyphoxylon glaberrima Benth. Trans. Linn. Soc. 30 : 539. 1875. 
Type locality : Valley of the Magdalena, Colombia. 

Rio Magdalena, Dawe 470. Lands of Loba, Bolivar, Curran. Natagaimn, Ilufla, 
Rushy de Pennell 249, 1156. Cundinamarca, P^rcz 511, 582 ; Bolton 999; Andr6 1555. 
MedeUIn, Toro 109 A. Rio Tutunendo, El Choc6, Archer 2 188. Without locality, Mutls 
442. CLAVELLINA PlCHINDfi. 

4. Calliandra angustidens Britton & Killip, sp. nov. 

Hamuli dense puberuli; pinnee 1-jugfe, rachide dense puberula, foliolis 10- 
16-jugis, subcoriaceis, lineari-lanceolatis, acutis, glabratis, ciliatis, costa subex- 
centrica; pedunculi crassi; calycis dentes lineari-lanceolati ; corolla glabra, 
lobis acutis; stamina ca. 25, multo ultra medium conjuncta; legumen lineari- 
oblanceolatum, glabrum, valde reticulatum. 

Woody, the branches long, densely puberulent. Petioles about 10 mm. 
long, or shorter ; pinna 1 pair, 4r-5 cm. long, the slender rachis densely puberu- 
lent; leaflets 10-10 pairs, subcoriaceous, linear-lanceolate, acute, ciliate, other- 
wise glabrate, 7-11 mm. long, 2 mm. wide, finely reticulate-veined, the mid- 
vein slightly excentric; stipules lanceolate, acuminate, several-nerved, about 
8 mm. long ; peduncles stout, puberulent, 8-10 mm. long, bracteolate under the 
flowers; heads several-many-flowered; calyx about 4 mm. long, 5-toothed, the 



BRITTON AND KILLIP, HIMOSACEJE AND CJB8ALPINACEJS 135 


teeth linear-lanceolate ; corolla glabrous, 8 mm. long, 4-3-lobed, the ovate lobes 
acute ; stamens about 25, nearly 25 mm. long, their filaments united to much 
above the middle; legume linoar-oblanc-eolate, glabrous, strongly reticulate- 
veined, 5-7 cm. long, 6-7 mm. wide, its margins elevated ; seeds elliptic, 3-4 min. 
long. 

Villaviconcio, Mela, Colombia, January, E. Pfrev Arlelacss 195, type (U.S.). 

5. Calliandra medellinensis Britton Rose, ep. nov. 

Hamuli et pedunculi laxe pilosi ; pinnse l-jugae, foliolis 4-5-jugis, oblique 
lanceolatis vel (infunis) ovato-lanceolatis, chartaceis, ciliatis, acutis vel sub- 
obtusis, ad basim subcordatis vel rotundatis, trinerviis ; flores capitati ; calycis 
dentes ciliati ; corolla 4-lobata, lobis ovatis, acutis; stamina ca. 6 mm. supra 
basim conjuncta. 

Twigs and peduncles slender and loosely pilose. Stipules triangular- 
lanceolate, striate, long-acuminate, 4-5 mm. long ; petioles 6-10 mm. long, pilose ; 
pinnrn 1 pair, 4-5 cm. long ; leaflets 4 or 5 pairs, obliquely lanceolate, or the 
lower pair ovate-lanceolate, chartaceous, ciliate, otherwise glabrous, 3-nerved, 
finely reticulate-veined, faintly lustrous above, 1-2 cm. long, 4-6 mm. wide, the 
apex acute or obtusish, the base subcordate or rounded ; peduncles about 3 cm. 
long ; flowers capitate ; calyx 2.5 mm. long, 5-toothed, the teeth ciliate : corolla 
about 6 mm. long, glabrous, 4-lobed, the lobes ovate, acute; stamens about 
2.3 cm. long, united for about G mm. above the base. 

Vicinity of Medellin, Antioquln, Colombia, March 23, 1927, Toro 109, type (N.Y.). 

6. Calliandra santanderensis Britton & Rose, sp. nov. 

Arbor, ramulis petiolis rachillisque dense et breviter pilosis ; pinnee 2-jugse, 
foliolis 10-15-jugis, oblique oblongis, obtusis, chartaceis, brevipubescentibus, 
costa subcentrale; legumen lignosum, 7-spermum, marginibus latis, crassis, 
striatis. 

A tree, 5-G m. high, twigs, petioles and leaf-rachillas densely short-pilose. 
Stipules lanceolate, striate, about 6 mm. long ; petioles only about 3 mm. long : 
pinme 2-pairs, 8-10 cm. long; leaflets 10-15 pairs, chartaceous, obliquely 
oblong, obtuse, 4-nerved, strongly reticulate- veined, dull, short-pubescent on 
both sides, ciliate, 15-20 mm. long, 5-8 mm. wide, or the lowest pair smaller, 
the costa nearly central; legume woody, densely puberulent, 10 cm. long, 14 
mm. wide, elastically dehiscent, 7-seeded, ‘its broad thick margins longitudi- 
nally striate ; seeds obliquely ellipsoid, compressed, about 8 mm. long, minutely 
mottled. 

Rio Surata Valley, near Bitcaramanga. Santander, Colombia, 400-600 m. altitude, 
thickets December 28, 1920, Kllltp cG Smith 16205, type (N.Y.). 

7. Calliandra Schultzei Harms, Repert. Sp. Nov. Fedde 24: 209. 1928. 

Type locality : Northern base of the Sierra Nevada, Santa Marta, Colombia. 

Rio Piedras, Sierra Nevada de Santa Marta, Magdalena, Schultze 555 (photograph 
and fragment of type). La Esmeralda, Norte de Santander, Kitlip & Smith 20926. En- 
d< raic. 

8. Calliandra colombiana Britton & Rose, sp. nov. 

Arbor humilis, ramulis petiolis rachillisque brevipilosis ; pinnae l-jugae, 
foliolis 9-lG-jugis, oblongis, rotundis vel obtusis, ad basim oblique truncatis, 
subchartaceis, glabris, supra lucentibus ; capitula paucifasciculata vel solitaria ; 
flores glabri; calycis dentes obtusi; corollm lobi acuti; stamina 10-13, inulto 
infra medium conjuncta ; legumen lineare, lignosum, marginibus vaide crassis. 

A low tree, the slender twigs, the petioles and leaf-rachillas short-pilose. 
Stipules linear-lanceolate, acuminate, about 5 mm. long; petioles 6-12 mm. 
long; pinnte 1 pair, 6-9 cm. long; leaflets 9-16 pairs, oblong, subchartaceous, 
glabrous, 4-nerved, and finely reticulate-veined, 10-15 mm. long, 4-6 mm. 
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wide, lustrous above, the apex rounded or obtuse, the base obliquely truncate ; 
heads few-together or solitary, on loosely pubescent peduncles about 12 nun. 
long, or shorter ; flowers glabrous ; calyx 2 mm. long, its teeth obtuse ; corolla 
4 mm. long, its ovate lobes acute ; stamens few (10-13), 20-25 mm. long, united 
much below the middle ; legume linear, woody, about 10 cm. long, 13 mm. wide, 
the apex rounded, the margins of the valves much thickened and longitudinally 
striate, the narrow median surface glabrous, strongly obliquely veined. 

Colombia, Natagaima, Huila, altitude 450-500 m, August 12, 1917, Pennell 115 i. 
type (N.T.). Piedras, MarJqulta, Tolima, Trlana b',79. Ieononzo, Tolhna, AndtC 1511 
bis. Without locality, Mutis 3538. Hay u>o. 

9. Calliandra magdalense (Bert.) Benth. Lond. Joum. Bot. 5: 102. 1846. 

Acacia magdalence Bert.; DC. Prodr. 2: 455. 1825. 

Anneslia magdalence Britton & Rose, N. Am. Flora 23 : 60. 1928. 

Type locality : Santa Marta, Colombia. 

Santa Marta, E. H. Smith 32 . Venezuela ; Ecuador (according to Bentham) : 
Panama. 


10. Calliandra tolimensis Taubert, Bot. Jahrb. 21 : 314. 1895. 

Type locality : Tolima, Colombia. 

Known to Ub only from photograph and fragment of type ( Stuebel 239). 

11. Calliandra Purdiei Bentli. Lond. Joum. Bot, 4: 104. 1846. 

Calliandra clavcllina Karst. FL Col. 1: 159, pi 19. 1858-61. 

Type locality : Mountains of Ocaiia, Colombia. 

Santander, Killlp <& Smith 14982, 16117. Medellin, Toro 25. Dept. Cundinamarca, 
Dawe 41. Ocaiia, Purdle (type) ; Schlim 203. Endemic. Carbonero, applied to manj 
species of this genus, clavcllina. 

12. Calliandra Pittieri Standley, Contr. U. S. Nat. Herb. 18: 104. 1916. 

(See Plate I) 

Calliandra bella Triance Benth. Trans. Linn. Soc. 30 : 556. 1875. 

Calliaiidra Lehmannii Harms, Repert. Sp. Nov. Fedde 17: 90. 1921. 
Anneslia Pittieri Britton & Rose, N. Am. Flora 23: 63. 1928. 

Type locality : La Esmeralda, Colombia. 

El Valle: Pittier 951 (type) ; Lehmann 5361 (type of O. Lehmannii) ; Pennell & 
Killip 5918 ; Killlp 11260. Antioquia : Archer 118, 1007; Jet'vlsc. Tolima: Triana 
(type of C. bella Triance). Cundinamarca : Ptrea 2261 , 5007; Andrd 1379, lhOO. 1519; 
Ariste Joseph A156. Without locality, Mutis 35 $3, 35^, 3516, M03, 1953, 4915. Erro- 
neously recorded from Panama. 

13. Calliandra diversifolia Britton & Killip, sp. nov. 

Rarnuli rufo-hirsuto-tomentosi ; plume G-10-jugie, foliolls 12-lS-jugis, oblon- 
gis, obtusis, glabris, minute ciliolatis, juvenilibus cupreis ; capitula ca. 12-flora ; 
calyx campanulatus, parvus, sparse pubescens, dentibus latis, rolundis ; corolla' 
lobi aeuti ; stamina ca. 20, ad medium conjuneta, tubo longe exserto. 

Branchlets rufo-hirsute-tomentose. Stipules linear-lanceolate, up to C mm. 
long; leaf-rachis and petiole 4-10 cm. long, rufo-hirsute-tomentose, at length 
glabreseent ; pinme 6-10 pairs, the slender pubescent rachillas 4-8 cm. long; 
leaflets 12-18 pairs, oblong, 8-14 mm. long, 2—4 inm. wide, obtuse, slightlv in- 
equilateral, sparingly pinnate-veined, subchartaceous minutely ciliolate, when 
dry the younger copper-colored, the older metallic-green ; peduncles hirsutulous 
or glabrate, 3-6 cm. long ; heads about 12-flowered ; calyx campanulate, 1.5-3 
mm. long, sparingly pubescent, its broad teeth rounded ; corolla 6-8 mm. long, 
hmsutulous, at length glabrate, its 5 ovate-lanceolate lobes acute ; stamens about 
^0, 2.5-3 cm. long, the filaments united about to middle, the tube long-exserted. 
Colombia, 1760-1808, Mutis at, type (U.S.), 35', 2. 
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14. Calliandra glomerulata Karst. PI. Col. 2: 5, pi. 103. 1862. 

Type locality : Sanar6, Venezuela. 

Between Climiicota and La Esmeralda, Norte de Santander, Kilhp & Smith 20922. 
Without locality, Linden 696. Venezuela. 

15. Calliandra flavida Urban, Arkiv. Bot. 24A*: 4. 1931. 

Type locality : Morne au Camp, Grenada. 

Carare, Magdalena Valley, Andrt 291. Venezuela; Grenada; British Guiana; and 
Peru (according to Urban). 

16. Calliandra caracasana (Jacq.) Benth. Trans. Linn. Soc. 30; 543. 1875. 

Mimosa caracasana Jacq. Coll. 4: 142. 1790. 

Anneslia caracasana Britton & Rose, N. Am. Flora 23 : 65. 1928. 

Type locality : Caracas, Venezuela. 

^ ^Frequent at middle altitudes in Colombia. Venezuela; Ecuador; Haiti (according 
In all Colombian specimens seen by us the legumes are pubescent. 

17. Calliandra tetragona (Willd.) Benth. Joum. Bot. Hook. 2 : 139. 1840. 

Acacia tetragona Willd. Sp. PI. 4: 1069. 1806. 

Anneslia tetragona Donn. Smith, Enum. PI. Guat. 1: 10. 1889. 

Type locality : Kfo Guarlto, Caracas, Venezuela. 

Frequent at lower and middle altitudes in Colombia. Venezuela ; Ecuador ; Panama 
to Jalisco. 

18. Calliandra Toroana Britton & Rose, sp. nov. 

Finnte 4-7-jugae, foliolis 15-35- jugis, linearibus, subacutis vel obtusis, costa 
excentrica; flores capitati, glabri, capitulis numerosis, in paniculis terininali- 
bus; corollm lobi oblongo-lanceolati, acuti; stamina supra basim conjuncta; 
legumen lineare, glabrum. 

Branches slender, woody, unarmed, glabrous or, when very young, spar- 
ingly long-pubescent. Leaves loosely pubescent when unfolding, soon becom- 
ing glabrous; stipules triangular-lanceolate, striate, acuminate, 5-7 mm. long; 
petiole and leaf-rachis 4-8 cm. long; pinnae 4-7 pairs, 2-5 cm. long; leaflets 
15-35 pairs, linear, acutish or obtuse, 4-8 mm. long, about 1 mm. wide, the mid- 
vein excentric, the lateral venation obscure ; flowers capitate, glabrous ; heads 
numerous in terminal panicles ; peduncles about 4 cm. long, or shorter ; calyx 
2 mm. long, 5-lobed ; corolla 5-lobod, the lobes oblong-lanceolate, acute, 4 mm. 
long ; stamens about 10 mm. long, united above the base ; legume linear. 7-11 
cm. long, 7-8 mm. wide, glabrous, the apex rounded. 

Vicinity of Medellin, Anlloquia, Colombia, August 18, 1927, Toro 165, tjpe (N.V.). 

19. Calliandra marginata Griscb.; R. 0. Williams. FI. Trin. & Tob. 1 : 299. 1931. 

Calliandra gracilis Klotzscb; Baker in Sauud. Ref. Bot. pi. 294. 1S71. 

NotGriseb. I860. 

Type locality : Trinidad. 

Frequent at lower altitudes in northern Colombia. Trinidad ; Venezuela. Veraxero. 


Calliandra portoricensis (Jacq.) Benth. was erroneously recorded by Ben- 
tham from Colombia. 

Calliandra Becmannii Benth. has been recorded from Colombia, apparently 
in error. 

17. DUGANDIA Britton & Killip, gen. nov. 

Arbor parva ramosissima, vel frutex scandens (?), ramulis inermibus vel 
spinis remotis erassis recurvatis; foliolis numerosis, parvis, oblongis; flores 
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spicati ; calyx 4-5-dentatus ; corolla 4-5-lobata ; stamina numorosa, libera ; legu- 
men late lineare, planum, curvum, marginibus tenuissimis, undulatis, e corpore 
transverse septato secedentibus. 

A small much-branched tree (or scandent shrub?), the branches with dis- 
tant stout recurved prickles, or unarmed. Leaves bipinnate, the pinnae G-8 
pairs, the numerous small linear-oblong leaflets glabrous. Flowers spicate. 
Calyx 4-5-dentate. Corolla 4-5-lobed. Stamens numerous, free. Legume 
broadly linear, flat, curved, abruptly beaked, glabrous, its very slender, un- 
dulate margins separating from the transversely septate body. 

Type species : Acacia rostra ta H. & B. 

1. Dugandia rostrata (H. & B.) Britton & Ivillip. 

Acacia rostrata H. & B.; Willd. Sp. PI. 4: 1060, 1806. 

Mimosa rostrata Poir. in Lam. Encycl. Suppl. 1 : 66. 1810. 

Mimosa ignava H. B. K. Nov, Gen, <fe Sp. 6 : 259. 1824. 

Lysiloma rostrata Benth. Lond. Joum. Bot. 3 : 84. 1844. 

Type locality: Tropical America (Mugdalena River, Colombia, according to II.BK.) 
Pinca de “El Paraiso,” Atlflntico, Duyand 529. San Martin de Loba, Bolivar, Cur- 
ran 43. Tenerite, Magdalena, Humboldt a Bonpland (co-type). Endemic. Baranoa. 

18. VACHELLIA Wight & Am. Prodr. 272. 1834. 

Type species: Acacia Farnesiana Willd. 

1. Vachellia Farnesiana (L.) Wight & Am. Prodr. 272. 1834. 

Mimosa Farnesiana L. Sp. PI. 521. 1753. 

Acacia Farnesiana Willd. Sp. Pl. 4: 1083. 1806. 

Type locality : Domingo. 

Frequent in northern Colombia. Venezuela to Argentina; Panama to Sonora and 
Lower California ; West Indies ; southeastern United States. USa de cabra, telA, cuji 

CIMARRON’, AROUO. 

19. MYRMECODENDRON Britton & Rose, N. Am. Flora 23: 91. 1928. 
Type species : Acacia Hindsii Benth. 

1. Myrmecodendron costaricense (Schenck) Britton & Rose, N. Am. Flora 
23 : 93. 1928. 

Acacia costaricensis Schenck, Repert. Sp. Nov. Fedde 12: 361. 1913. 

Type locality : Near I-agasto, Costa Rica, 

Dept. Altantico, Elias 2 $5, 479 , 1070 ; Niemnjcr 209 ; Dugand 117b. Dept. Bolivar, 
Heriberto 89. Rio Sinu, Bolivar, Humboldt <£ Bonpland, cited as Acacia cor nig era. 
Santa Marta, Purdle, cited by Bentbam as Acacia spadicigora. Mexico to northern 
Colombia. Corxizuelo, caciiitos, casv de houmiqas. 

20. POPONAX Raf. Sylva Toll. 118. 1838. 

Type species: Mimosa tortaosa L. 

Key to Species op Poponax 


Legume 1.5-2 cm. broad ; young twigs yellowish lanate. 1. P . Pcnnatula . 

Legume (unknown In No. 4) much narrower. 

Legume turgid, little compressed, more or less 
constricted 2. P. tortuosa . 

Legume flattened. 

Pinnse 8-17 pairs ; leaflets 1-veined, or lateral 
venation obscure. 

Twigs and inflorescence sparingly pubes- 
cent 3. P. flexuosa. 

Twigs and inflorescence densely canes- 
cent 4. P. canescens . 
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Pinnae only 2 or 3 pairs ; leaflets pinnately 
veined 3. P. venom. 

1. Poponax Pennatula (Schl. & Cham.) Britton & Rose, N. Am. Flora 23 : 88. 

1928. 

Inga Pennatula Schl. & Cham. Linnsea 5 : 593. 1830. 

Acacia Pennatula Benth. Lond. Joum. Bot. 1 : 390. 1842. 

Type locality : Hacienda de la Laguna, Veracruz, Mexico. 

La Paila, El Valle, Andrt 3510. El Salvador to Sinaloa and Tamaulipas. 

2. Poponax tortuosa (L.) Raf. Sylva Tell. 118. 1838. 

Mimosa tortuosa L. Syst. Nat. ed. 10, 1312. 1759. 

Acacia tortuosa Willd. Sp. PI. 4: 1083. 1806. 

Type locality : Jamaica. 

Frequent in northern Colombia. Curasao ; Aruba ; Bonaire ; Jamaica ; Virgin Islands 
and Lesser Antilles, south to Martinique. Aeoaio. 

3. Poponax flexuosa (H. & B.) Britton & Rose. 

Acacia flexuosa H. & B.; Willd. Sp. PI. 4: 1080. 1806. 

Mimosa flexuosa Poir. in Lam. Encycl. Suppl. 1 : 79. 1810. 

Type locality : Cumand, Venezuela. 

Santa Marta, Magdalena, B. B. Smith 41; KllUp <£ Smith 21093. Bolivar, Killip A 
Smith 14090; Heriicrto 383. Venezuela ; French Guiana. 

Our identification of this species is not wholly satisfactory, based on de- 
scription, and on a photograph of the incomplete type specimen in the her- 
barium of the Paris Museum. 

Acacia macracantha H. & B., which has been recorded as having wide range 
in tropical America, is definitely known to us only from Ecuador and Peru; 
it is well illustrated by Kunth, Mim. plate 28. 

4. Poponax canescens Britton, sp. nov. 

Ramuli folionmi rackis infloreseentiaque dense canescentia; spinae stipu- 
lares aciculares, canescentes; glandula prope basim petiolorum, etiam inter 
juga aliqua pinnarum ; pinnae 8-17-jugae, f oliolis 30-40-jugis, linearibus, obtusis, 
demum glabris; pedunculi fasciculati; corolloe lobi ovato-lanceolati, acuti; 
stamina prope basim eonjuncta. 

Twigs, leaf-rachis and inflorescence densely canescent. Stipular spines 
acicular, about 2 cm. long, or shorter, also canescent, at least when young; 
leaves 8-13 cm. long, the slender petiole 2-6 cm. long, bearing near the base 
an oblong, sessile, nearly flat gland about 2 mm. long; leaf-rachis slender, 
bearing a small orbicular gland between some of the pairs of pinnae; pinnae 
8-17 pairs, the canescent or short-pubescent rachillas 2-3 cm. long; leaflets 
30-40 pairs, linear, obtuse, 2.5-3 mm. long, about 0.7 mm. wide, 1-veined, glabrous 
when old ; peduncles several at the nodes, about 15 mm. long, or shorter ; flowers 
in dense canescent globose heads ; calyx 1 mm. long, 5-toothed ; corolla about 
2 mm. long, its 5 lobes ovate-lanceolate, acute ; stamens many, a little longer 
than the corolla, united near the base. 

Anapolma, Cundinamarca, Colombia, 400 m. altitude, Triana 4439, type (N.Y.) ; 
Ariste Joseph. Tocalma, Cundinamarca, P6re» 2058. Chucuncha, ambuca, ambuqub. 

5. Poponax (?) venosa Britton, sp. nov. 

Petioli et rachides laxe brevipubescentia ; pinnae 2-3-jugce, foliolis 10-14- 
jugis, anguste oblongis, glabris, subchartaceis, subtus valde penniveniis, costa 
subexcentrica ; pedunculi solitarii vel bini, breviter villosi; flores glabri; calycis 
dentes ovati ; corollas lobi lanceolati, acuti ; stamina libera ; legumen lineare, 
glabrum. 
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Twigs apparently very short. Leaves clustered, the petiole and rachis 
only 1-2 cm. long, loosely short-pubescent, the petioles (at least some of them) 
bearing a minute orbicular sessile gland below the lower pair of pinna* ; pinnae 
2 or 3 pairs, 1-2 cm. long, the slender rachilla short-pubescent ; leaflets 10-14 
pairs, narrowly oblong, 3-4 mm. long, 1 mm. wide, acute or obtuse, glabrous, 
subchartaceous, nearly smooth above, strongly and irregularly pinnate-veined 
beneath, the midvein nearly central ; peduncles solitary or 2-together, densely 
short- villous, about 10 mm. long; heads globose, many-flowered; flowers glab- 
rous; calyx 2 mm. long, its teeth ovate; corolla 3 mm. long, its lanceolate 
lobes acute ; stamens many, distinct, about 4 mm. long ; young legume linear, 
glabrous, flat, 3 cm. long, narrowed toward the base, obliquely short-beaked. 

Vicinity of Medellin, Antioquia, Colombia, August 20, 1927, Toro 47 8, type (N.T.). 

21. ACACIELLA Britton & Rose, N. Am. Flora 23 : 96. 1928. 

Type species : Acacia villosa Sw. 

Key to Species of Acacifjlla 
Glabrous, puberulent. or sparingly short-pubescent. 

Legume broadly linear, cuneate at base, up to 
9 cm. long 1. A. santandcremis . 

Legume oblong, rounded at base, 4-5.5 cm. long. 2. A. martcnafs. 

Villous, legume linear-oblong, the base narrowed.. 3. A. Holtonii. 


1. Acaciella Santander ensis Britton & Killip, sp. nov. 

Frutex ; foliorum rachides et rachillm sparse brevipubescentes ; pinna* 8-16- 
jugffi, foliolls 20-40- jugis, linearibus, acutis, subchartaceis, glabris vel sparse 
ciliolatis, costa excentrica ; paniculse axillares ; legumen glabrum, 5-8-spormum, 
ad basim cuneatum. 


A shrub, 6-12 dm. high, the stem sparingly short-pubescent when young, 
becoming glabrous. Leaves 12-17 cm. long, the rachis and rachillas sparingly 
short-pubescent; pinnae 8-16 pairs, 5-7 cm. long; leaflets 20-40 pairs, linear, 
acute, glabrous or sparingly ciliolate, 1-veined, 3-6 mm. long, subchartaceous, 
the vein excentric ; panicles axillary, about as long as the leaves, or shorter, 
in fruit glabrate; peduncles relatively stout, 1.5-2 cm. long; legume broadly 
linear, glabrous, 9 cm. long, or shorter, 12-15 mm. wide, 5-S-seeded, the base 
cuneate, the apex acute or obtuse. 


Open MLlside, between Pamplona and La Isla, Norte de Santander, Colombia, 2000- 
2500 m. altitude, February 27, 1927, Killip & Smith 1919 Z, type (N.Y.). Rfo SuratfL Val- 
ley, Santander, Killip & Smith 16392, 1615 7. 


2. Acaciella martensis Britton & Killip, sp. nov. 

Caulis puberulus; pinnae ca. 16-jugae, foliolis 2040-jugis, angustc lineari- 
bus, acutis, glabris, 1-veniis, costa excentrica; peduuculi glabri; legumen oblou- 
gum, ad basim rotundum, 5-8-spermum, glabrum. 

Stem puberulent. Leaves about 15 cm. long, the rachis and rachillas 
puberulent; pinnaa about 16 pairs, about 6 cm. long, or shorter; leaflets 20-40 
pairs, narrowly linear, acute, 1-veined, glabrous, about 3 mm. long, the vein 
excentric ; fruiting panicle longer than the subtending leaf ; peduncles 12-15 
mm. long, glabrate ; legume oblong, glabrous, 4-4.5 cm. long, 12-15 mm. wide, 
rounded at base, normally obtuse or rounded at apex, 5-8-seeded. 

i89 9 Pff?“:ISft7f2M a 0 %“(S a r!) na ’ Colombia - about 700 “• elevatlon - ™ rmT > 7 - 

3. Acaciella Holtonii Britton & Killip, sp. nov. 

Frutex vel arbor, caule petiolis rachidibus, rachillis paniculaque villosis; 
pinnae 12-17-jugae, foliolis 20-40-jugis, linearibus, acutis, glabris, 1-veniis. cilio- 
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latis, costa subexcentrica ; corolla glabra, lobis oblongo-lanceolatis, aeutis ; logu- 
men lineari-oblongum, glabrum, ad basim angustaiuin. 

A shrub or tree, about 6 111 . high, or lower, the stem simple, or little 
branched, villous, at least above. Leaves 10-20 cm. long, the petiole, rachis 
and rachillas villous; pinnae 12-17 pairs, 3-G cm. long; leaflets 20-40 pairs, 
linear, acute, glabrous, ciliolate, 1-veined, about 3 mm. long, the vein slightly 
excentric; panicles axillary, villous, sometimes much elongated and twice as 
long as the leaves ; heads numerous, globose ; peduncles very slender, about 2 
cm. long, or shorter; corolla glabrous, the lobes oblong-lanceolate, acute, 2 mm. 
long; stamens numerous, distinct, 4-5 mm. long; legume linear-oblong, 4-7 cm. 
long, 9-12 mm. wide, glabrous, apiculate, 5-8-seeded, the base narrowed. 

La Paila, El Valle, Colombia, May 30, 1853, Holton 998, type (N.T.), 997. Santa 
Marta, JET. U. Smith 296; Seif Hz 600. Bucaramanga, Santander, Killip & Smith 16296. 
Medellin. Archer 775; Daniel 48; Toro 161, 406, 576. Popay&n, Lehmann 5369, B. T. 
878. Without locality, Mutis 4 iOO. Colombian specimens at Kew referred by Bentham 
to Acacia filicina prove to belong to Acaciella H oltonii. Carbonero. 

22. SENEGALIA Raf. Sylva Tell. 119. 1838. 

Type species: Mimosa Senegal L. 

Key to Species of Senegalia 

A. Stipules and bracts large, foliaceous, ovate 1. S. tamarindifolia. 

B. Stipules and bracts inconspicuous, or none 

1. Twigs and foliage without prickles. 

a. Leaves and branches glabrous or pubescent. 

Leaflets oblong or obloug-lanceolate, 

sometimes subfalcate 2. S. glomtrosa . 

Leaflets linear to lanceolate, narrower. 

Leaflets puberulent or glabrous ; 
legume glabrous. 

Legume broadly linear, 2-3 cm. 

wide 3. S. polyphylla. 

Legume linear, narrower. 

Legume 6-7 cm. long, 1.5 cm. 

wide; leaflets linear 4. S. Ghiacamayo . 

Legume 12-17 cm. long, 2 
cm. wide; leaflets lance- 


olate 5. S. lohana. 

Leaflets pilose; legume puberulent. 6 . S. cundinamarctv. 
1). Petioles and branches densely villous; 

flowers glabrous 7. S. popayana. 

2. Twigs and foliage more or less prickly, 
a. Trees or upright shrubs. 

♦Prickles recurved. 

Leaflets glabrous. 


Xloads very small, few-flowered; 
leaflets about 2 mm. long. ... 8. N. eonlobana. 

Heads larger, several-flowered; 
leaflets 3-4 mm. long 9, HparSa. 

Leaflets pubescent, at least beneath ; 
legume pubescent. 

Legume obtuse at base, 15-22 
mm. wide; leaflets densely 
pubescent 10. S. Indiana. 

Legume narrowed at base, 12-1.8 
mm. wide ; leaflets not densely 
pubescent. 

Leaflets about 1.5 mm. wide, 
loosely pilose beneath. . . . 11. S. affinis. 
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Leaflets about 2.5 mm. wide, 
appressed-pubescent be- 
neath 12. S. Eliasiana. 

♦♦Prickles spreading or erect, straight. 13. S. LclimamiU. 

b. Tines or scandent shrubs. 

Glands of petiole and rachis sessile. 

Twigs, rachis and inflorescence 

densely tomentulose 14. S. tomcntella. 

Foliage glabrous; inflorescence un- 
known 15. S . turhacemis. 

Petiole and rachis bearing stout-stalked 
glands . . 36. S. podadcnia. 

1. Senegalia tamarindifolia (L.) Britton & Rose, N. Am. Flora 23: 120. 1928. 

Mimosa tamarindifolia L. Sp. PL 523. 1753. 

Acacia tamarindifolia Willd. Sp. PI. 4 : 1092. 1806. 

Type locality : Tropical America. 

Santa Marta, 27. 27. Smith 3 }, 22 J7. Dibulla, Magdalena, Selfrta 222. Barran- 
quilla, Elias 412. Cartagena, Ariste Joseph. Venezuela ; Guadeloupe ; Martinique. 


2. Senegalia glomerosa (Benth.) Britton & Rose, N. Am. Flora 23: 116. 1928. 
Acacia glomerosa Benth. Lond. Joum. Bot. 1: 521. 1842. 


Type locality : Rio de Janeiro, Brazil. _ 

Santa Marta, 27. 27. Smith 39, 20 }. Barranquilla, Elias 26 7, 90S. Bogota, Cundina- 
marca, Triana } J J7. Without locality, Mutis 3536. Venezuela; Guiana (according to 
Bentliam) ; Brazil; El Salvador to Yucatan. Mulato, babaisOa. 


3. Senegalia polyphylla (DC.) Britton & Rose. 

Acacia polyphylla DC. Cat. Hort. Monsp. 74. 1813. 

Type locality: Santa Marta, Colombia. 

Santa Marta. E. 27. Smith 293, 926. Goajira Peninsula, Dawe 583. Cartagena, 
Eeriberto 29 } , 320. El Humbo, Boync£L, Lawrance 450. Venezuela; Brazil. 


4. Senegalia Guacamayo Britton & Killip, sp. nov. 

Arbor inermis, glabra, petiolis rachidibus rachillisque puberulis exccptis ; 
glandula petiolorum subelevata, concava ; rachis inter pinnas superiorcs glan- 
dulifera, glandulis minutis, orbiculatis ; pinnre 6-10-jugse, foliolis 30-50-jugis, 
linearibus, acutis vel subacutis, supra nitidis, costa valde exccntrica; flores 
capitati ; legumen anguste lineare, planum. 

A tree, the trunk about 7 dm, in diameter, the twigs glabrous, unarmed. 
Petiole and rachis about 10 cm. long, or shorter, puberulont, slender, the 
petiole bearing a sessile, somewhat elevated, concave gland about 1 mm. in 
diameter, the rachis bearing minute orbicular glands between the upper pinnae ; 
pinnae 6-10 pairs, the slender puberulont rachilla 5-7 cm. long; leaflets 30-50 
pairs, linear, glabrous, closely approximate, acute or acutish, 5-7 mm. long, or 
the upper ones shorter, about 1 mm. wide, shining above, dull beneath, the 
delicate midvein very excentric, the lateral venation wholly obscure, the base 
subtruncate; fruiting peduncle glabrous, about 5 cm. long; flowers capitate; 
legume linear, flat, glabrous, dull, irregularly transverse-veined, 6-7 cm. long, 
about 1.5 cm. wide, the apex apiculate, the base raiher abruptly narrowed Into 
a short stipe, the narrow margins slightly elevated. 

Prado, Santa Marta, Magdalena, Colombia, January 13, 1930, Record 7, type (N.Y.). 
Guacamayo. 


5. Senegalia lobana Britton <fe Killip, sp. nov. 

Arbor inermis ; petioli eglandulosi, rachis eglandulosa (?) puberula; pinme 
8-15-jugae, foliolis 13-25-jugis, lanceolatis vel oblongo-lanceolatis, acutis, supra 
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glabris, subtus appresso-puberulis, costa valde excentrica; legumen lineare, 
chartaceum, glabrum, obtuse apiculatum. 


A tree about 15 m. high, the twigs and leaves unarmed. Petioles 3-4 cm. 
long, glandless ; racbis slender, puberulent, 6-12 cm. long, apparently also gland- 
less; pinnae 8-15 pairs, the nearly filiform rachilla 2-5 cm. long; leaflets 12-25 
pairs, lanceolate to oblong-lanceolate, oblique, acute, A-6 mm. long, about 1.5 
mm. wide, glabra te above, appressed-puberulent beneath, the midvein very 
excentric, the base truncate; fruiting peduncles about 1 cm. long; legume 
linear, chartaceous, glabrous, 12-17 cm. long, 2 cm. wide, longitudinally dehis- 
cent, bluntly apiculate, the cuneate base narrowed into a stipe about 1 cm. 
long ; seeds suborbicular, flat, shining 5-8 mm. long. 


San Martin de Loba, Bolivar, Colombia, April-May, 1010, E. M. Curran 65 j type 
(U.S.). 


6. Senegalia cundinamarcse Britton & Killip, sp. nov. 

Arbor inermis (?), ramulis petiolis rachidibusque dense puberulis, glan- 
dulis petiolorum 1-2, convexis; pinnoe G-12-jugoe, rachilla brevipubescente, 
foliolis 15-30-jugis, linearibus, obtusis, dense longipubescentibus, costa excen- 
trica ; flores capitati, puberuli, capitulis paniculatis ; corollse lobi ovati, acuti ; 
legumen lineari-oblongum, planum, dense puberulum. 

A tree, apparently unarmed, the slender twigs densely puberulent. Petiole 
and leaf-rachis puberulent, 5-10 cm. long ; petiole bearing 1 or 2, sessile, convex 
glands about 1 mm. in diameter, or smaller ; pinnae 6-12 pairs, 2-4 cm. long, 
the nearly filiform rachilla short-pnbescent ; leaflets 15-30 pairs, linear, obtuse, 
3-6 mm. long, about 1 mm. wide, densely long-pubescent on both sides, pinnately 
veined, the midvein excentric; heads globose, numerous, panicled; peduncles 
slender, short-pilose, about 2 cm. long, or shorter; flowers puberulent; calyx 
1.5 nun. long, with ovate acute teeth ; corolla 3 mm. long, with ovate acute lobes ; 
stamens many, distinct, 6-7 mm. long; legume linear-oblong, flat, densely 
puberulent, abruptly short-tipped, 8-11 cm. long, 2-2.5 cm. wide, narrowed at 
base, its slender stipe about 10 mm. long. 

Dept. Cundinamarca, Colombia. OIrardot, 350-400 m. altitude, July 10, 1014, 
Ituily d Pcnnrfl Ope (N.Yj. Partillo, 430-500 m. altitude, August 14, 1017, i?U8- 
ly d Pennell 1*116. 


7. Senegalia popayana Britton & Ivillip, sp. nov. 

Inermis ; ramuli petioli foliorum rachides inflorescentiaque dense villosa ; 
petioli ct rachides eglandulosa (?) ; pinnre ca. lO-jugm, foliolis 40-50-Jugis, 
linearibus, acutis, 1-veniis, juvenilibus ciliatis; capitula parva, paniculata, 
pedunculis villosis ; flores glabri ; calycis dentes breves, lati ; corollm lobi ovati, 
acuti. 

Unarmed, the twigs, petioles, Icaf-rachises and inflorescence densely long- 
villous. Petiole and rnchis about 13 cm. long, or shorter, apparently eglan- 
dular ; pinnae about 10 pairs, 5-7 cm. long, the rachilla villous ; leaflets 40-50 
pairs, linear, acute, 1-voinod, ciliate when young, 4-6 min. long, about 1 mm. 
wide ; heads small, panicled ; peduncles villous, about 10 mm. long, or shorter ; 
bracts narrowly linear, fugacious, 4-5 mm. long ; flowers glabrous ; calyx 1 mm. 
long, with short broad teeth ; corolla 2 mm. long, its lobes ovate, acute; stamens 
about 4 mm. long, numerous, distinct. 

Popaylin, El Cauca, Colombia, 1813 m. altitude, April 17, 1876, AndrS 1877$, type 
(N.Y.). Without locality, Trtana. 

8. Senegalia cordobana Britton & Killip, sp. nov. 

Frutex, ramulis dense puberulis, aculeis brevibus remotis reflexis armatis ; 
petioli et rachides dense puherula, glandulis orbiculatis, concavis ; pinnae 10-22- 
jugse, foliolis 30-40-jugis, linearibus, obtusis, glabris, 1-nerviis; inflorescentia 
laxe paniculata, puberula, capitulis parvis, globosis. 
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A slirub, about 3 m. high, the slender, densely puberulent twigs armed with 
short distant reflexed prickles. Leaves 6-8 mm. long, the slender petiole and 
rachis densely puberulent; petiole bearing an orbicular sessile concave gland 
about 1 mm. in diameter ; rachis bearing a similar smaller gland between the 
upper pairs of pinnae ; pinnae 10-22 pairs, 2-3 cm. long, the very slender rachilla 
glabrate; leaflets 30-40 pairs, linear, glabrous, obtuse, 2-3 mm. long, about 
0.5 mm. wide, delicately 1-nerved; inflorescence loosely paniculate, its slender 
branches puberulent, 0-10 cm. long; heads small, globose; peduncles only G mm. 
long, or shorter ; flowers white, puberulent ; calyx about 1 mm. long, its teeth 
short and broad ; corolla 2 mm. long, its ovate lobes acute ; stamens about 4 
mm. long, nearly distinct. 

Cliffs along Bio Dagua, CCrdoba, El Valle, Colombia, 80-100 m. altitude, October 9, 
1922, KilUp 11771, type (N.Y.). 

9. Senegalia riparia (H. B. K.) Britton & Rose. 

Acacia riparia H. B. K. Nov. Gen. & Sp. 6: 276. 1824. 

Type locality : Junction of the Amazon and Chamaya rivers, Jaen de Bracamoras, 
Peru. 

Fusaga&ugii, Cundinamarca, Andr€ 1446 ; Triana. Without locality, Mutis 4976, 
both determined from description. Peru; Brazil; Guiana (according to Bentham). 
Climbing West Indian vines referred by authors to this species are manifestly distinct. 
Doubtfully this species are Mutis 3538 and 3626, and a specimen from Villavicenoio, col- 
lected by Nic£foro. Rasga, rasga-rasga, panelo, toldillo. 

10. Senegalia huilana Britton & Killip, sp. nov. 

Arbor, ramnlis aculeatis, juvenilibus puberulis, aculeis recurvis; petiolus 
rachisque puberula, plerumque inermia, glandulis petiolorum oblongis, eis rachi- 
dis orbicularibus ; pinnae 6-10-jugm, foliolis 15-35-jugis, llneari-oblongis, ob- 
tusis, supra brevipubescentibus, subtus villosis, trinerviis, costii excentrica; 
capitula globosa, in paniculis terminalibns ; calyx minute puberulns; legumen 
late lineare, planum, dense puberuluin, ad basim obtusum. 

A tree, with slender, prickly twigs, finely puberulent when young, the 
prickles recurred, 2-3 mm. long. Fetiole and leaf-rachis slender, puberulent, 
0-9 cm. long, unarmed, or with an occasional prickle ; petiole bearing an oblong 
sessile concave gland about 2 mm. long, rachis bearing a smaller orbicular con- 
cave gland between the upper pinme or also between the lower pair; pinna? 
G-10 pairs ; rachilla very slender, pubescent, 4-6 cm. long ; leaflets 15-35 pairs, 
linear-oblong, thin, obtuse, 4-7 mm. long, about 1.5 mm. wide, short-pubescent 
above, villous beneath, 3-nerved at base, pinnately few- veined, the mid vein ex- 
centric ; heads globose, many-flowered, numerous in terminal panicles ; peduncles 
short-pubescent, G-10 mm. long ; calyx minutely puberulent, 1.5 mm. long, with 
ovate acute teeth ; corolla 2.5 mm. long, its lobes ovate, acute ; stamens many, 
distinct, 5-6 mm. long ; legume broadly linear, flat, densely puberulent, abruptly 
tipped, obtuse at base, 8-10 cm. long, 1.5-2.2 cm. wide, with narrow, slightly 
elevated margins, longitudinally dehiscent, the valves ehartaceous ; seeds 8-10, 
orbicular, compressed, black, about 6 mm. broad. 

Between Rio Cabrera and Villavieja, Hutla, Colombia, July 26, 1917, 500-550 m 
altitude, Rushy <G Pennell 365, type (flowers, N.T.) ; same locality and date Rushy *t Pen- 
nell 378 (fruit). 

11. Senegalia afi&nis Britton & Killip, sp. nov. 

Frutex grandis, ramulis puberulis, aculeis sparsis recurvis ; petioli glandnla 
orbiculata; pinnae 6-9-juga?, foliolis 20-35-jugis, linearibus, obtusis, membrana- 
ceis, supra glabris, subtus laxe pilosis, costa subcentrale ; legumen lineare, dense 
puberulum, ad basim angustatum. 

A large shrub, the slender puberulent twigs sparingly prickly, the recurved 
prickles about 3 mm. long. Petiole 1.5-2 cm. long, bearing a slightly elevated, 
orbicular gland about 0.5 mm. in diameter ; leaf-rachis slender, glabrate, 4-6 
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cm. long; pinn.T G-9 pairs, the very slender, short-pubescent rachillie 3-5 cm. 
long ; leaflets 20-33 pairs, linear, obtuse, membranous, 4-G mm. long, about 1.5 
mm. wide, glabrate above, loosely pilose beneath, the midvein nearly central, 
the lateral venation rather strong; legume linear, densely puberulent, longi- 
tudinally dehiscent, 8-12 cm. long, 12-18 mm. wide, the apex acutish or obtuse, 
short-tipped, the base narrowed or cuneate, the chartaceous valves with narrow 
thickened margins. 

Guamaclto, Santa Marla, Magdalena, January 15, 1930, 8. J . Record 21, type (N.Y.). 

12. Senegalia Eliasiana Britton & Kiliip, sp. nov. 

Rami sparse aculeati, aculeis recur vis, ramulis dense puberulis ; folii glan- 
dulrn orbiculatm; pinnae numerosne, foliolis 12-25-jugis, linearibus, obtusis, 
supra glabris, subtus appresso-pubescentibus, costa subexcenlrica ; inflorescentia 
terminalis, paniculata, peduuculis fasciculatis, dense puberulis, capitulis globo- 
sis; calyx 4-dentatus, puberulus; corolla glabra; legumen lineare, planum, 
pubescens, ad basim august atum. 

Branches bearing an occasional recurved prickle, the slender young twigs 
densely puberulent. Petiole and rachis slender, 0-12 cm. long ; petiole bearing 
a sessile orbicular gland about 1 mm. in diameter ; rachis sparingly prickly and 
bearing a smaller similar gland between the lower and upper pairs of pinnae; 
pinnae several-many pairs ; rachilla filiform, puberulent, about 6 cm. long, or 
shorter ; leaflets 12-25 pairs, linear, obtuse, 8-10 mm. long, about 2 mm. wide, 
appressed-pubescent beneath, glabrous above, the midvein somewhat excentric, 
the base truncate, the lateral venation not prominent; inflorescence a terminal 
panicle ; peduncles clustered, densely puberulent, about 1G mm. long, or shorter ; 
heads globose, many-flowered; calyx minutely puberulent, 4-toothed, 2 mm. 
long, the teeth ovate; corolla 3-lobed, glabrous, about 8 mm. long, the lobes 
ovate ; stamens many, 5-6 mm. long ; legume linear, pubescent, flat, 10-12 cm. 
long, about 18 mm. wide, the base narrowed or cuneate, the stipe about 10 mm. 
long. 

Baranoa, Barranquilla, Atldntico, Colombia, November, 1928, Elias 602, type (U.S.). 

13. Senegalia Lehmannii Britton & Kiliip, sp. nov. 

Arbor, ramulis aculeis rectis ascendentibus vel divarieatis armatis. juveni- 
libus dense brevipilosis ; pinnae G-10-jugae, foliolis linearibus. subacutis, dense 
pubescentibus, demum glabratis, costa fere centrale ; capitula globosa, axillaria, 
in racemis brevibus tenninalibus ; flores glabri ; calyx subtruncatus, minute 5- 
dentatus ; corolla alte 5-lobata. 

A tree about 5 m. high, the twigs densely short-pilose when young, armed 
with straight, ascending or spreading, broad-based prickles 2-3 mm. long. 
Young leaves 4-0 cm. long, the very slender petiole and rachis short-pilose ; 
pinnae 0-10 pairs, the short rachillte nearly Aliform ; leaflets 15-25 pairs, linear, 
acutish, 1.5-2.5 mm. long, densely pubescent when young, becoming glabrate, 
the delicate midvein nearly central; heads globose, several-many-flowered, 
axillary, and in short terminal racemes; peduncles very slender, short-pilose, 
1-2 cm. long; flowers glabrous; calyx about 1 mm. long, nearly truncate, min- 
utely 5-toothcd; corolla 3 mm. long, deeply 5-lobcd; stamens about 4.5 mm. 
long. 

El Gauca, Colombia, August 28. 1881. Lehmann 024, type (U.S.). This collection 
has been cited as* Acana adhacicns Benth. by Micheli. Guari>go. 

14. Senegalia tomentella Britton <fe Kiliip, sp. nov. 

Caulis scandens, dense tomentella, foliolis floribusque exceptis, ramulis 
aculeis brevibus recurvis armatis ; glandulfe petioli et rachidis sessiles ; pinnae 
12-23-jugm, foliolis 20-45-jugis, linearibus, subacutis, glabris, costa excentrica ; 
l>anicula terminalis laxa, capitulis globosis; flores glabri; calyx 5-dentatus; 
corolla 5-lobata, calyce paullo longior. 
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A vine, the twigs, petioles, leaf-rachis and inflorescence densely tomcn- 
tulose, the twigs armed with short recurved prickles. Petioles slender, about 
5 cm. long, bearing a sessile oblong gland ; rachis 9-16 cm. long, bearing sessile 
glands between the upper pairs of pinnce ; pinnoe 12-25 pairs, 3-4.5 cm. long ; 
leaflets 20-45 pairs, linear, glabrous, 2.5-3 mm. long, nearly 1 mm. wide, acutish, 
the base obliquely truncate, the mid vein excentric, the lateral venation obscure ; 
inflorescence a terminal loose panicle about 25 cm. long, or shorter; heads 
globose, numerous, few-several-flowered, about 8 mm. in diameter; flowers 
glabrous ; calyx 5-toothed, 1.2 mm. long ; corolla 5-lobed, a little longer than 
the calyx ; stamens 3-4 mm. long. 

Forest, Rio Putumayo, at the Colombia-Peru boundary, September 20-October 10, 
1930, G. Klvg 1651 9 type (N.Y.). 

15. Senegalia turbacensis Britton & Killip, sp. nov. 

Frutex subscandens, caule glabro, aculeis recurvis armato; petiolus et 
rachis puberula vel glabrata, rachide sparse aculeata; petioli propc basim 
appendice sessile oblonga plana donati, glandulis rachidis orbiculatis, sessili- 
bus ; pinnae ca. 30-jugfe, foliolis 20-50-jugis, linearibus, subacutis, glabris, costa 
submarginale. 

A subscandent shrub, up to about 3 m. long, the slender glabrous stem 
armed with recurved prickles about 2 mm. long. Leaves distant, the slender, 
puberulent or glabrate petiole and rachis sparingly prickly, 15-20 cm. long; 
petiole about 2 cm. long, bearing near the base a flat sessile oblong appendage 
3 or 4 mm. long ; rachis bearing between the upper pairs of pinnae an orbicular 
concave sessile gland nearly 1 mm. broad ; pinnae about 30 pairs, 2-4 cm. long, 
the very slender rachilla glabrous; leaflets 20-50 pairs, linear, approximate, 
about 2.5 mm. long, 0.5 mm. wide, glabrous, acutish, the mid vein nearly mar- 
ginal, the lateral venation obscure. 

Thicket, vicinity of Turbaco, BolTvar, Colombia, 200-300 m. altitude, November 14, 
1926, Killip & Smith 1U82, type (N.V.). 

The flowers, not seen, were said to be white. Zabza bedonda. 

16. Senegalia podadenia Britton & Killip, Phytologia 1 : 24. 1933. 

Type locality : Mt. ChapCn region, western Boyacfi, Colombia. 

Mt. Chapdn, Boyacl, Lavsrance (type). 


23. LEUCiENA Benth. Joum. Bot. Hook. 4 : 416. 1842. 
Type species: Mimosa giauca L. 

Key to Species op Lettcjena 
Leaflets 10-20 pairs, linear to lanceolate, 8-15 mm. 


!°ng 1. L. giauca , 

Leaflets 3-6 pairs, ovate to elliptic, 1-4 cm. long. 

Plant glabrous throughout; heads in axillary 

fascicles 2. L . colo ml>!ana. 

Plant with the twigs, leaves and inflorescence 
pubescent; heads racemose 3. L. 'bolivarcrtsis . 


1. Leucaena giauca (L.) Benth. Joum. Bot. Hook. 4 : 416. 1842. 

Mimosa giauca L. Sp. PI. 520. 1753. 

Type locality : America. 

r %~f ppar l??/ uncommon In Colombia; Medellin, Archer 758, 878. La Plata, TolJma, 
Lehmann 2268. Toealma, Cundinamarca, P6rez 2268. French Guiana to Venezuela, 
World tropics 116 tEnf Indi<% north to Florlda and Bermuda ; Panama to Veracruz. Old 


2. Leucaena coloxnbiana Britton & Rose, sp. nov. 

. Frntex vel arbor ubique glabra; petioli glandula conica, parum infra 
jugum inferius pinnarum: pinme 2-Jugie, foliolis 3-4-jugis, ovatis vel lanceo- 
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latis vel (suprcmis) obovatis, acutis, mombranaceis ; capitula axillaria, fas- 
ciculata; petala lineari-spathulata, acuta. 

A slirub, or a tree up to about 15 m. bigb, glabrous tbrougbout, tbe twigs 
slender. Leaves about ID cm. long : pinnre 2 pairs ; petiolar gland low-conic, 
borne a little below the lower pair of pinme ; pinna* 2 pairs ; leaflets 3 or 4 pairs, 
membranous, sharply acute, 2.5-7 cm. long, ovate, lanceolate, or the upper pair 
obovate; heads in axillary fascicles shorter than the petioles, the peduncles 
about 15 mm. long, or shorter ; bractlets ciliolate ; calyx 5-toothed, about 1 mm. 
long ; petals linear-spatula to, acute, 1.5 mm. long ; stamens about 4 mm. long, 
distinct. 

Santa Marta, Magdalena, Colombia. Type from forest, north of Bonda, October 22, 
180S, H. K. Smith 37a , type (N.Y.), 37. 

3. Leucaena bolivar ensis Britton & Killip, sp. nov. 

Arbor parva, ubique brevipubescens floribus exceptis; glandula conica, 
prope medium petioli ; pinnae 2-3-jugse, foliolis 5-6-jugis, subchartaceis, acutis, 
supremis elliptico-obovatis, ceteris ovato-ellipticis ; capitula racemosa in ramis 
quam foliis brevioribus ; petala glabra. 

A small tree, about 4 m. high, the twigs, leaf-racliis and inflorescence 
rather densely short-pubescent. Leaves about 12 cm. long ; pinnae 2 or 3 pairs ; 
gland low-conic, borne near the middle of the petiole ; leaflets 5 or 6 pairs, sub- 
chartaceous, acute, loosely short-pubescent on both sides, 1-3 cm. long, the 
upper pair elliptic-obovate, the others ovate-elliptic ; inflorescence shorter than 
the leaves, the branches densely pubescent, the heads few or several, racemose 
on peduncles about 15 mm. long, or shorter ; calyx about 1 mm. long, minutely 
puberulous toward apex; petals oblong-lanceolate, about 1.3 mm. long, acute, 
glabrous ; stamens about 3.5 mm. long. 

Torrecilla, near Turbaco, Bolivar, Colombia, 150-300 m. altitude, edge of woods, 
November 7, 1920, Killip & Smith 11239, type (N.Y.). Veranibo. 

24. DESMANTHUS Willd. Sp. PL 4: 1044. 1806. 

[Acuan Medic. Theod. 62. 1786.] 

Type species: Mimosa virgata L. 

Key to Species of Desmanthus 

Leaf-rachis bearing a gland between only the lowest 
pair of pinna*. 

Gland elliptic, 1.2-2 mm. long; plant erect 1.0. virgatus . 

Gland orbicular, smaller. 

Legume 4-5 mm. wide; plant erect 2. D. latus . 

Legume 2-3 mm. wide; plant diffuse 3. 0. depressus . 

Lcaf-raehia (at least of some leaves) bearing orbic- 
ular glands between each pair of pinnre; legume 

dimorphic 4, 0. multlglandulosus. 

1. Desmanthus virgatus (L.) Willd. Sp. PL 4: 1047. 1806. 

Mimosa virgata L. Sp. PL 519. 1753. 

Acuan virgatum Medic. Theod. 62. 1786. 

Type locality : Bast Indies, 

» ent or common in Colombia, Tropical and subtropical America, north to 
ernrada, and Morelos. Tropical Asia. 

2. Desmanthus latus Killip. 

Acuan latum Britton & Rose, N. Am. Flora 23 : 132. 1928. 

Type locality : Panama. 

Labateca, Norte de Santander, Killip d Smith 20535 . Panama; El Salvador; Vera- 
cruz. 
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3. Desmanthus depressus H. & B ; Willd. Sp. PI. 4: 1046. 1806. 

Acuan depress um Kuntze, Rev. Gen. 168. 1891. 

Type locality : South America. „ . , 

Frequent in northern Colombia. Tropical and subtropical America, north to Florida 
and Texas. 

4. Desmanthus multiglandulosus Britton & Killip, sp. nov. 

Glaber, foliis juvcnilibus sparse pubescentibus vel ciliolatis cxceptis; 
foliorum aliquormu racliis inter jugum quodque pinnarum glandulosa, glandula 
orbiculata; pimne 4-7-jugie, foliolis 12-25-jugis, linearibus, obtusis, minute 
apiculatis ; capitula pauciflora ; petala linearia ; stamina 10 ; lcgumen lineare. 

Young leaves sparingly pubescent or ciliolate, the plant otherwise glabrous. 
Stem apparently erect, slender, the few branches short ; stipules subulate, 3-4 
mm. long; leaves about 6 cm. long, or shorter, the petioles short, the rachis of 
some of them bearing an orbicular gland 0.7-1. 2 mm. broad between each pair 
of pinnae ; pinnae 4-7 pairs, 1.5-3 cm. long; leaflets 32-25 pairs, linear, mem- 
branous, obtuse, minutely apiculate, 3-0 mm. long, about 0.5 mm. wide, the 
midvein slender, the lateral venation obscure; peduncles about 1.5 cm. long, 
or shorter ; heads few-flowered ; calyx about 2 mm. long, its teeth ovate ; petals 
linear, about 4 mm. long; stamens 30, about as long as the petals; legume 
linear, long-tipped. 5-6 cm. long, 3-3 mm. wide. 

Thicket near the coast, Playa BraAa, Santa Marta, Magdalena, Colombia, November 
17, 1899, JET. H. Smith 2 063, type (NY.). 

The plant is interesting as bearing legumes 3 mm. wide on some branches 
and 5 mm. wide on others. 

25. LEPTOGLOTTIS DC. Mem. Leg. 451. 1825. 

Type species: Leptoglottis Nuttalhi DC. 

Key to Species of Leptoglottis 

Legume about 4 mm. thick, its beak long and slender. 1. L. leptocarpa. 
Legume 5-G mm. thick, its beak shorter 2. L. ham at a. 

1. Leptoglottis leptocarpa (DC.) Standley, Journ. Wash. Acad. Sci. 15: 458. 

1925. 

Schrankia leptocarpa DC. Prodr. 2 : 443. 1825. 

Type locality : Santo Domingo. 

Cticuta, Norte de Santander, KiWp <f Smith 20988- French Guiana to Paraguay and 
Venezuela: Panama and Costa Rica; Martinique; St. Vincent, Hispaniola (according 
to De Candolle) . 

2. Leptoglottis hamata (H. & B.) Standley, Journ. Wash. Acad. Sci. 15: 458. 

1925. 

Schrankia hamata H. & B.; Willd. Sp. PI. 4: 1042. 1806. 

Type locality : Magdalena River, Colombia. 

Frequent in Colombia, Panama. 

26. MIMOSA L. Sp. PL 516. 1753. 

Type species: Mimosa sensitira L. 

Key to Species of Mimosa 

A. Petiole eglandular. 

1. Stamens as many as the corolla-lobes, 
a. Tinnse 1 pair ; leaflets large, few. 

♦Leaflets 1 or 2 pairs. (Sensitive) 

Legume 8-12 mm. broad. 
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Leaflets lanceolate ; legume 7-8 mm. broad, 

its margins long-setose 1. 21. Velloziana. 

Leaflets ovate-lanceolate ; legume 10-12 

mm. broad, its margins short-setose. 2. 21. Jiramencnsis. 
Legume 5-0 mm. broad. 

Leaflets acute or acuminate; legume 3-4 
cm. long. 

Twigs and leaves canescent 3. M.aJbida. 

Leaflets strigose beneath 4. If. floribunda. 

Leaflets obtuse, rounded, or acutish ; legume 
about 1.5 cm. long, densely setose. 

Leaflets obovate to elliptic 5. M. debllis. 

Leaflets oblong 6. M. panamcnsis. 

♦♦Leaflets 3 or 4 pairs. (Castle) 7. If. casta. 

b. Pinnae 1-several pairs; leaflets small, many. 

Herbaceous species. (Pudioe) 

Pinnae 2 pairs 8. 21. pudica. 

Pinnae 1 pair. 

Leaflets 30-50 pairs ; petioles unarmed .... 9. If. KilUpii. 
Leaflets 10-15 pairs; petioles prickly.... 10. 21. santandcrensis. 
Woody species. 

Pinnae 1 pair. (Polycarpje) 11. 21. polycarpa. 

Pinnae 3-many pairs. 

Pinnae 3 pairs, approximate. (Polydac- 
tyle) 

Sparingly appressed-pubescent or glab- 

rate 12. 21. polydactyla . 

Densely long-pilose 13. 21. Avdreana. 

Pinnae 8-15 pairs; flowers short-spicate. 

( Spicifloile) 

Densely white-pilose 14. 21. csmeraldw. 

Glabrous, or nearly so 15. 21. spici flora. 

2. Stamens twice as many as the corolla-lobes, 
a. Flowers long-spicate. 

Plant lepidote-glandular. (Trian.se) 10. 21. Triance. 

Plant not lepidote. (Distach^) 

Leaflets few pairs, elliptic to obovate 17. M. oligaeantha. 

Leaflets many pairs, linear. 

Leaflets glabrous 18. if. leiocat'pa. 

Leaflets pubescent 19. If. tennifiora . 

1). Flowers capitate. 

Legume few-several- join ted, the joints broad. 

Herbaceous or suffrutescent species. 

Corolla many-nerved. (Somniantes) 20. 21. somnlans. 

Corolla nerveless. 

Low, spreading or prostrate herbs. 

(Ptjsill®) 21. .If. martvnsis . 

Erect or decumbent, suffrutescent species. 

(Flavescentes) 22 .21. flavesccns. 

Vines or shrubs. 

A long woody vine; legume linear-oblong. 

(Invis^e) 23. if. invisa. 

A prostrate shrub; legume obovate, short. 

(Dobmutntes) 24. If. dormicns. 

Legume 15-20- jointed, the joints narrow. 

(Pig&e) 25. If. plgra. 

B. Petiole glanduliferous ; vines; pinme 2 pairs. 

(Colombians) 

Leaflets 1 pair; flowers capitate 26. M. cotombiana. 

Leaflets 1 pairs: flowers short-spicate 27. if. Lawranrcana. 
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1. Mimosa Velloziana Mart.; Benth. Joum. Bot. Hook, 4; 361. 1841. 

Tj pe locality : Rio de Janeiro, Brazil. 

Rio CSsar, Dau‘c 615. Brazil ; Panama. 

2. Mimosa jiramenensis Ivarst. FI. Col. 2: 59, pL 130 . 1862. 

Mimosa Velloziana jiramenensis Benth. Trans. Linn. Soc. 30: 390. 1875. 

Tj pe locality : Rio Meta, Colombia. 

Known to us only from Karsten’s description and illustration. 

3. Mimosa albida H. & B.; Willd. Sp. PI. 4: 1030. 1806. 

Type locality: South America (Coast of Peru, at Moche, according to Kuntlij. 
Pacific Coast, Lima to Panama (according to Bentham). 

This species has been given wide range in tropical America, by authors, 
north to Michoacan and Veracruz, but, as illustrated by a Peruvian specimen 
( Cuming 1023) and by Kunth's Mimosaceae, plate 1, it may be restricted to the 
coastal region cited by Bentham. We have seen no specimens from Colombia. 

4. Mimosa fioribunda Willd. Sp. PI. 4: 1031. 1806. 

Mimosa strigosa Willd. 4: 1030. 1806. 

Mimosa WiUdenovii Poir. in Lam. Encycl. Suppl. 1 : 50. 1810. 

Type locality : Caracas, Venezuela. 

Common in Colombia. Venezuela. Zuiza, applied to many species of this genus. 

5. Mimosa debilis H. & B.; Willd. Sp. PL 4: 1029. 1806. 

Mimosa Hostmannii Benth. Lond. Joum. Bot. 5 : 84. 1846. 

Mimosa notata Steud. Flora 26: 758. 1843. 

Type locality : Caripe, Venezuela. 

Colombia (according to Bentham). Venezuela; Surinam; Brazil. 

6. Mimosa panamensis (Benth.) Standley, Contr. U. S. Nat. Herb. 18 : 104. 1916. 

Mimosa debilis panamensis Benth, Trans. Linn. Soc. 30 : 391. 1875. 

Type locality : Panama. 

Villavicencio, Meta. Pennell 1618. Panama: Costa Rica. 

7. Mimosa casta L. Sp. PL 518. 1753. 

Type locality : India (according to Linnaeus, but doubtless Brazil). 

Dept. Bolivar, Pennell J18*. Orocufi, Boyacii, Arlste Joseph A080. Villavicencio, 
Meta, Nictforo. Panama ; Brazil ; Trinidad to Guadeloupe. 

8. Mimosa pudica L. Sp. PL 518. 1753. 

Type locality : Brazil. 

Common in Colombia. Tropical America, north to Veracruz and the Bahama 
Islands. Naturalized in Old World tropics. Rastera, dormidera, applied to many 
species of this genus. 

9. Mimosa Killipii Britton & Bose, sp. nov. 

Suffrutescens vel herbacea, erecta, caule puberulo et laxe strigoso, remote 
aculeato vel inerme ; petioli inennes ; pinnae 1-jugie, foliolis 30-00-jugis, lineari- 
bus, acutis, membranaeeis, supra puberulis, subtus strigosis ; pedunculi axillares 
et in fasciculo breve terminals capitulis oblongis vel subglobosis ; calyx longi- 
ciliatus: corolla 4-lobata; stamina 4; legumen linoari-oblongum, 2-3-articu- 
latum, glabrum, marginibus longisetosis. 

Suffrutescent or herbaceous, erect, about 1.7 m. high, or lower, the slender 
stem puberulent and loosely strigose, distantly prickly, or unarmed. Stipules 
nearly linear, long-dliate, 5-6 mm. long ; petioles slender, puberulent and stri- 
gose, unarmed, 2-4 cm. long ; pinnae 1 pair ; leaflets 30-50 pairs, linear, acute, 
6-15 mm. long, membranous, puberulent above, strigose beneath, the venation 
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obsolete, the base obliquely truncate ; peduncles axillary and in a short terminal 
cluster, very slender, strigose, about 15 mm. long, or shorter ; heads oblong or 
subglobose, 6-10 mm. long, many-flowered ; bractlets small, long-ciliate above ; 
calyx long-ciliate ; corolla 4-lobed, about 2 mm. long, the lobes pubescent above ; 
stamens 4, about 8 mm. long ; legume linear-oblong, 2 cm. long, or shorter, 4-5 
mm. wide, 2-or-3-jointod, short-tipped, glabrous, the margins long-bristly. 

Dry hillside, Rio Suratfi, Valley, between El Jaboncillo and Suratl, Santander, Co- 
lombia, 1300 to 1800 m. altitude, January 3, 1027, Killip & Smith 16411, type (N.Y.). 
Between Chin&cota and La Esmeralda, Norte de Santander, Colombia, March 19, 1927, 
Killip & Smith 20861. 

10. Mimosa santanderensis Britton <fc Rose, sp. nov. 

Suffrutescens vel subherbacea, ramulis laxe pilosis, densissime aculeatis; 
petioli pilosi et aculeati ; pinnae 1-jugte, foliolis linearibus, subacutis, glabris, 
appresso-ciliatis, 3-5-nerviis, costa subexcentrica ; capitula axillaria et in 
raceino terminale, globosa, pedunculis pilosis; flores glabri; corolla 4-lobata; 
stamina 4. 

Suffrutescent or subherbaceous, about 2.5 m. high, or lower, the slender 
branches loosely pilose and copiously short-prickly. Stipules lanceolate, acu- 
minate, long-ciliate, about 3 mm. long ; petioles very slender, pilose and prickly, 
3-0 cm. long ; pinnce 1 pair, short-stalked ; leaflets 10-15 pairs, linear, acutish, 
appressed-ciliatc, 8-13 inm. long, about 2 mm. wide, membranous, glabrous on 
both sides, dark green above, pale beneath, 3-5-nerved, pinnately veined, the 
midvein somewhat excentric, the oblique base rounded ; heads axillary and in 
a terminal raceme, globose, many-flowered; peduncles nearly filiform, pilose, 
about 13 mm. long, or shorter ; flowers glabrous ; calyx minute ; corolla 4-lobed, 
2 mm. long ; stamens 4, white, 8-9 mm. long. 

Damp thicket, Puerto Wilches, Santander, Colombia, at 100 m. altitude, November 
28, 1926, Killip & Smith 1479S, tjpe (N.Y.). 

11. Mimosa polycarpa Kunth, Mim. 8, pi. 8 . 1819. 

Type locality : Cajamarca, Peru. 

Ocaila, Schlim 178 . Venezuela to Brazil, Paraguay and Peru. 

12. Mimosa polydactyla H. & B.; Willd. Sp. PI. 4: 1033. 1806. 

Type locality : Rio Negro, near San Carlos, Venezuela. 

Umbria, Putumayo, King 166 i. Venezuela to French Guiana. Panama. 

13. Mimosa Andreana Britton & Rose, sp. nov. 

Suffrutescens vel horbacea, caule petioli s pedunculisque dense pilosis, caule 
remote aculeato, potiolis pedunculisque inermibus; pinn/e 3-jugse, rachillis 
setoso-pilosis, foliolis 26-30-jugis, linearibus, acutis, laxe pubescentibus, mar- 
ginibus appresso-setoso-ciliatis ; capitula axillaria et in racemo terminale, ob- 
longa ; corolla 4-lobata ; stamina 4. 

Suffrutescent or herbaceous, the stem, petioles and peduncles densely pilose 
with long, yellowish-brown, bristly hairs, the stem distantly prickly, the peti- 
oles and peduncles unarmed. Stipules linear-lanceolate, acuminate, long- 
pilose ; petioles rather stout, about 4 cm. long, or shorter ; pinnae 3 pairs, ap- 
proximate ; rachilla bristly-pilose ; leaflets 20-30 pairs, linear, acute, 6-10 mm. 
long, about 1.5 mm. wide, loosely pubescent, the margins appressed-bristly- 
ciliate; heads axillary and in a terminal raceme, oblong, densely many-flowered, 
about 7 mm. long; peduncles slender, about 2 cm. long, or shorter; bractlets 
short, sparingly long-ciliate at apex ; calyx minute ; corolla 2 mm. long, 4-lobed, 
the lobes pubescent at apex ; stamens 4, about 6 mm. long. 

Mercuadores [Mercaderes, El Cauca?], Colombia, April 29, 1876, E . AndrC 2921, type 
(N.Y.). La Mesa, Cundinamarca, Triana. 
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14. Mimosa esmeraldae Britton, sp. nov. 

Frutex vel arbor parva, ramulis petiolis rachideque dense pilosis et aculeis 
brevibus luteis reflexis armatis; pinnoe 8-12-jugee, rachillis aculeatis, foliolis 
20-30-jugis, linearibus, obtusis, glabris, ciliatis ; flores 5-meri, pnberuli, dense 
breTispieati, spiels axillaribus et in paniculo angusto terminate; stamina 5; 
legumen late lineare, glabrum 10-14-articulatum. 

A shrub or small tree, 3-5 m. high, the twigs and the stout petioles and leaf- 
rachis densely pilose and armed with short reflexed yellow prickles. Petioles 
1-2 cm. long; pinnie 8-12 pairs, nearly sessile; rachillas prickly; leaflets 20- 
30 pairs, approximate, linear, obtuse, 4r-5 mm. long, about 1 mm. wide, glabrous 
but ciliate, faintly 1-veined; flowers densely short-spicate, puberulent; spikes 
axillary and in a narrow terminal panicle, 2 cm. long, or shorter, the peduncles 
pilose, 8-12 mm. long; calyx minute, 5-lobed; corolla deeply 5-lobed, the lobes 
lanceolate, 1.5 mm. long ; stamens 5, bluish pink, about 3 times as long as the 
corolla ; legume broadly linear, glabrous, delicately reticulate-veined, 8-9 cm. 
long, about 13 mm. wide, 10-14- jointed, the joints wider than long, the apex 
rounded, the sparingly short-prickly margins separating. 

Edge of woods, l>etween Chlnflcota and La Esmeralda, Norte de Santander, Co- 
lombia, March 19, 1927, Klllip & Smith 20889, type (N.Y.). 

15. Mimosa spiciflora Karst. FI. Col. 2: €1, pi. 131. 1862. 

Schrankia glabra Benth. Lond. Journ. Bot. 5 : 94. 1846. 

Type locality : Near Caracas and Puerto Cabello, Venezuela. 

Colombia, Linden 1501 (type of Schrankia glabra). Venezuela. 

16. Mimosa Trianae Benth. Trans. Linn. Soc. 30: 412. 1875. 

Type locality : Villavicencio, Colombia. 

Villa vieeucio, Trlana H5J. 


17. Mimosa oligacantha DC. Prodr. 2 : 429. 1825. 

Type locality : Santa Marta, Colombia. 

Santa Marta, Magdalena, H. H. Smith 33; SchUm 942. Aruba ; Cuba. Included bv 
authors in the Mexican Mimosa dUtachya Cav. 


18. Mimosa leiocarpa DC. Prodr. 2 : 429. 1825. 

Type locality: Santa Marta, Colombia. 

Santa Marta, Magdalena, H. H. Smith 35, 302, 2066. Venezuela? 


19. Mimosa tenuiflora (Willd.) Poir. in Lam. Encycl. Suppl. 1: 82. 1810. 

Acacia tenuiflora Willd. Sp. PI. 4: 1088. 1806. 

Mimosa cabrera Karst. FI. Col. 2: 63, pi. 132. 1862. 

Type locality : Caracas, Venezuela. 

Colombia (according to Karsten). Venezuela; El Salvador; Oaxaca. Caubokal. 


20. Mimosa somnians H. & B.; Willd. Sp. PI. 4: 1036. 1806. 

Mimosa somniculosa H. B. K. Nov. Gen. & Sp. 6 : 257. 1824. 

pi r? m locality: Tr °P lcal America (Andes of Colombia, according to Kuntli, Mini. 

Frequent at middle altitudes in Colombia. Venezuela (according to Pittier) : 
Guiana (according to Bentham) ; Brazil; Bolivia; Paraguay; Panama to Oaxaca. 


21. Mimosa martensis Britton & Rose, sp. nov. 

Annua, humilis ; ramuli pedunculi f olii rachisque laxe longipilosa ; pirnue 
2-3-jugae, foliolis 10-20-jugis, lineari-oblongis, obtusis, ciliatis; flores capitati. 
capitulis parvis, globosis; corolla 4-lobata; stamina 8; legumen lineari- 
oblongum, laxe villosum, 2-3-articulatum. 

Low, spreading or prostrate annual, the stem slender, widely branched, the 
twigs, peduncles and leaf-rachis loosely long-pilose. Stipules lanceolate, acu- 
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ruinate, several-nerved, 3-4 mm. long ; petiole very blender, about 3 cm. long or 
shorter ; pinna? 2 or 3 pairs, distant, very sliort-stalked ; leaflets 10-20 pairs, 
linear-oblong, membranous, 5-8 mm. long, rather strongly veined, obtuse, 
dilate ; peduncles about 2 cm. long, or shorter, loosely pilose ; flowers capitate ; 
heads smalt globose, several-flowered; bractlets lanceolate, ciliate; calyx 
minute ; corolla 4-lobed, nerveless ; stamens 8, about 3 times as long as the 
corolla ; legume linear-oblong, 1-1.7 cm. long, about 3 mm. wide, loosely villous, 
2-or-3-jointed. 

Near Masinga, Santa Marta, Magdalena, Colombia, November 17, ISOS, H. E. Smith 
71}, type (N.Y ). 

22. Mimosa flavescens Splitg. in Hoev. & Vries, Tijdscr, 9: 110. 1842. 

Mimosa <csch inominis Bentli. Bot. Voy. Sulph. 89. 1844. 

Type locality : Surinam. 

Santa Marta, JET. H. Smith 801. Girardot, Cnndinamarca, Rushy & Pennell 129. 
Dept. Bolivar, Killip & Smith 1}1}1, 7; Herlbcrto 425. Venezuela to Surinam; 

Costa Rica to Guerrero ; Grenada ; Martinique. Cierra puta. 


23. Mimosa invisa Mart. Flora 20: Beibl. 121. 1837. 


Schrankia brachycarpa Benth. Joum. Bot. Hook. 2 : 130. 1840. 


Type locality : Rio de Janeiro, Brazil. 

Santa Marta, E. E. Smith 101 . Medellin, Archer 689 ; Toro 7i, 2}8JL, 1290. Es- 
pinal, Apollinaire Marie. Venezuela? Trinidad; Brazil; Guiana (according to Ben- 
tham) ; Bolivia ; Panama to Veracruz and Tepic ; Jamica ; Cuba ; Hispaniola. 


24. Mimosa dormiens H. & B.; Willd. Sp. PI. 4: 1035. 1806. 

Mimosa intermedia Kunth, Mim. 10, pi. 6. 1819. 

Type locality; Rio Apure, Venezuela. 

Colombia (according to Bentham). Venezuela; Guiana (according to Bentham) ; 
Brazil ; Costa Rica to Chiapas. 


25. Mimosa pigra L. Cent. PI. 1 : 13. 1755. 

Mimosa asperata L. Syst. ed. 10, 1312. 1759. 

Mimosa pellita H. & B. ; Willd. Sp. PI. 1037. 1806. 

Type locality ; not cited. 

Common in Colombia. Venezuela to French Guiana, Ecuador, Bolivia and Paraguay ; 
Panama to Sinaloa ; Trinidad to Guadeloupe ; Jamaica ; Cuba. Trupillo. 


26. Mimosa colombiana Britton & Killip. 

Mimosa bauhinimjolia Karst. FI. Col. 2: 65, pi. 188. 1862. Not Salisb. 

Type locality ; Villavicencio, Colombia. 

Villavicencio, Mela, Triana 4)85; Sprague 93. Cabuyaro, Meta, Sprague 16. Mag- 
dalena, Andr6 211, 451. Puerto Wilclies, Santander, Killip d> Smith 1)918. Endemic. 

A specimen collected at Villavicencio by Brother Apollinaire Marie in De- 
cember 1929 has young inflorescence and leaves much resembling those of 
Mimosa colombiana , but the legumes are oblong, rounded, and 2-2.5 cm. wide. 


27. Mimosa Lawranceana Britton & Killip, Phytologia 1 : 23. 1933. 

Type locality : El Dumbo region of western Bojacft, Colombia. 

El Humbo, BoyacA, Latorance 600 (type). 


Mimosa arenosa (Willd.) Poir. was recorded by Bentham from Colombia, 
in error for Venezuela. 

Mimosa elHptica Benth. has been reported from Colombia, 7 but in later 
works of Bentham its distribution is limited to Brazil. 


7 Bot. Voy. Sulphur, p. 89. 



154 


ANNALS NEW YORK ACADEMY OF SCIENCES 


27. MIMOSOPSIS Britton & Rose, N. Am. Flora 23: 174. 1928. 
Type species: Mimosa proliflca S. Wats. 


1. Mimosopsis quitensis (Benth.) Britton & Rose. 

Mimosa quitensis Benth. Journ. Bot. Hook. 4 : 408. 1842. 


Type locality : Quito, Ecuador. 

^Vestein Cordillera, Lanylasst 85. Hlo Paez % alley, Pittier 12)1. ( oconuco, 131 

Cauca, Killip 6810. Pasto, NariQo, Ttiana ))51. Susumuco (?) Andri K. )1S. Ecuador. 
Gcara.vgo. 


28. NEPTUNIA Lour. FI. Coch. 653. 1790. 

Type species : 'Neptunia oleracea Lour. 

Key to Species of Neptunia 

Aquatic; stem floating, spongy, usually simple 1. N. prostrata. 

Terrestrial; stem ascending, or spreading, usually 
branched . 2. N. plena. 


1. Neptunia prostrata (Lam.) Baill. Bull. Soc. Linn. Paris 1: 356. 1883. 

Mimosa prostrata Lam. Encycl. 1 : 10. 1783. 

Neptunia oleracea Lour. FI. Coch. 654. 1790. 

Mimosa lacustris H. & B. PI. Aequin. 1 : 55. 

Type locality : India. « 

Dept. Bolivar, Pennell 3930 . Killip & Smith 1)500, 1)593. Barranqnilla, Paul C.6. 
Ecuador; Brazil; Veracruz; Jamaica; Cuba. Old World tropics. 

2. Neptunia plena (L.) Benth. Joum. Bot. Hook. 4 : 355. 1841. 

Mimosa plena L. Sp. PI. 519. 1733. 

Type locality : Veracruz, Mexico. 

Santa Marta, H. H. Smith 298. Dept. Bolivar, Pennell 3951; Jleriherto 289. 
Dept. Atlilntico, Elias 381; Paul B.17. Carnicerias, Tolima, Lehmann 6110. Curasao, 
Trinidad, and Venezuela to French Guiana and Brazil ; Panama ; Lower California ; West 
Indies. 


29. NELTUMA Raf. Sylva Tell. 119. 1838. 

Type species: Neltuma juliflora Raf. 

1. Neltuma juliflora (Sw.) Raf. Sylva Tell. 119. 1838. 

Mimosa juliflora Sw. Prodr. 83. 1788. 

Prosopis juliflora DC. Prodr. 2 : 447. 1825. 

Type locality : Jamaica. 

Frequent In northern Colombia at lower elevations. Curacao, Aruba, Bonaire; 
Venezuela ; West Indies. Trupillo, manca caijallo. 

30. STRYPHNODENDRON Mart. Flora 20*: Boibl. 117. 1837. 

Type species: Stryphnodendron Babatimum Mart. 

Key to Species of Stryphnodendron 
Primie 15-20 pairs; leaflets villous, 6-10 mm. long. 1. 8. poiyphyllum. 
Primra 2-3 pairs ; leaflets minutely puberulent, 10-20 
mm. long 2. 8. colontbianum. 

1. Stryphnodendron poiyphyllum Mart.; Benth. in Mart. FI. Bras. 15 9 :2 85. 1876. 

Type locality : Serra de Mantequeira, Brazil 
Colombia, Mutis 363). Brazil. 
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2. Stryphnodendron (?) colombianum Britton & Killip, sp. nov. 

Arbor, ramulis glabris ; petiolus glandulosus ; pinnce 2-3-jugae, f oliolis 5-S- 
jugis, oppositis, oblique elliptis vel supremis obovatis, ad apicem rotundis vel 
emarginatis, minute puberulis; legumen lineare, planum, glubrum. coriaceum. 

A tree, 8-10 m. bigb, the short, slender twigs glabrous. Petiole and leaf- 
rachis slender, puberulent, 5-8 cm. long, the petiole bearing a nearly flat, sessile, 
orbicular gland about 1 mm. in diameter ; pinnae 2 or 3 pairs, the very slender, 
puberulent rachillas 4r-0 cm. long ; leaflets 5-8 pairs, opposite, rarely membra- 
nous, obliquely elliptic, or (terminal pair) obovate, 10-20 mm. long, 0-12 mm, 
wide, delicately pinnately veined, with the midvein nearly central, minutely 
puberulent, the apex rounded or emarginate, the base narrowed or subtruncate ; 
peduncles 3-5 cm. long; legume linear, flat, glabrous, coriaceous, reticulate- 
veined, 7-22 cm. long, 12-14 mm. wide, its apex rounded, its ba&e rounded or 
obtuse, its stout stipe 3-5 mm. long. 


Upper Rfo Lebrija Valley, northwest of Bucaramanga, Santander, Colombia, De- 
cember 29, 1920, Killip & Smith 16268, type (N.Y.). 


31. PIPTADENIA Benth. Joum. Bot. Hook. 4: 334. 1841. 
Type species: Piptadenia latifolia Benth. 

Kev to Species or Piptadexia 

Pinnae 8-20 pairs; spikes 4-10 cm. long, or longer 
in fruit. 

Leaflets 5-10 mm. long, glabrous; petals nearly 

separate 1. P. flava. 

Leaflets 2-5 mm. long ; corolla 5-lobed 2. P. speciosa. 

rinniP only 2-4 pairs. 

Leaflets 2-3 mm. long ; young spikes only 2-5 mm. 

long, panieled, glabrous 3. P. uiir/inosa. 

Leaflets 6-9 mm. long; spikes 4-5 cm. long, 

puberulent 4. P. similis. 


1. Piptadenia flava (Sprcng.) Benth. Trans. Linn. Soc. 30 : 371. 1875. 

Acacia flava Spreng. ; DC. Prodr. 2 : 469. 1825. 

Type locality: Santa Marta, Colombia. 

Prequent In northern Colombia. Ecuador; Venezuela; Trinidad; Panama to Co- 
lima, Mexico. 

2. Piptadenia speciosa Britton & Killip, sp. nov. 

Arbor pawn ; petiolus propo basim glandulosus; pinniv 12-20-jugte. foliolis 
25-10-jugis, an gusto linearibus, subacutis vel obtusis, sparse puberulis vel 
glabris, costa excenirica: floras dense spicati, glabri; corolla 3-lobata; legumen 
lineare, planissimum, glabrum. 

Shrub or small tree, 4-6 m. high, the verrucose twigs sparingly armed with 
short, divaricate or ascending prickles. Leaves 10-15 cm. long, the petioles 
bearing a sessile oblong concave gland, the raehises and rachillas glabrous or 
sparingly puberulent ; pinna* 12-20 pairs ; leaflets 25-40 pairs, narrowly linear, 
3-5 mm. long, about 1 mm. wide, obtuse or subacute at apex, obliquely sub- 
truncate at base, sparingly puberulent or glabrous, faintly 3-nervod, sparingly 
pinnate-veined, the midnerve excentric ; peduncles slender, 2-6 cm. long ; flowers 
densely spicate, glabrous, the spikes 8-10 cm. long, about 2.5 cm. thick when in 
full flower ; calyx 1.5 mm. long, with 5 short teeth ; corolla 4-5 mm. long, its 
5 lobes lanceolate, acute ; stamens 10, distinct, about 13 mm. long; legume linear, 
very flat, glabrous, strongly reticulate-veined, obtuse, apiculate, 5-13 cm. long, 
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10-16 mm. wide, narrowed at the base into a very slender stipe 1.5-2 cm. long, 
the narrow margins slightly elevated. 

Borranquilla, Atllntico, Colombia, August, 1028, Ellas 513 , type (TJ.S ), 394 ; Dugand 
48, 895. Cartagena, Hcriberto 3 73. Turbaco, Bolivar, Killip & Smith 1^31. Arjona, 
Bolivar, Killip d Smith 1 J5 01. Santa Marta, Record 26. 

3. Piptadenia (?) uliginosa Britton & Killip, sp. nov. 

Frutex ubique glaber, ramis aculeis crassis recurvatis armatis, ramulis in- 
ermibns; petiolns glandulosus; pinnae 2-4-jugce, foliolis 6-10-jugis, lineari- 
oblongis, trinerviis, costa excentrica ; paniculm conica?, 2-4 cm. longm o raocmis 
parvis numerosis compositie. 

A shrub, 1-3 m. high, glabrous throughout, the rather stout branches armed 
with stout recurved prickles about 2 mm. long, the numerous slender twigs 
unarmed. Stipules subulate, 1-2 mm. long; petiole and lcaf-rachis nearly 
filiform, 2-4 mm. long ; petiole bearing an orbicular or oblong-orbicular sessile 
concave gland about 0.5 mm. broad; pinnfe 2-5 pairs, about 2 cm. long, or 
shorter, the rachilla filiform; leaflets 6-10 pairs, linear-oblong, membranous, 
2-3 mm. long, about 1 mm. wide, acute or obtuse, 3-nerved at base, and pin- 
nately few-veined, the midvein excentric; inflorescence a panicle of slender 
racemes, 2-4 cm. long, bracteolate, the racemes 5-8 mm. long, several-flowered, 
on filiform peduncles; calyx about 0.5 mm. long, minutely 5-toothed ; corolla 
1.5 mm. long, the petals free nearly to base ; stamens 10, distinct, about 3 mm. 
long. 

In mud, Los Yolcanes, near Turbaco, Bolivar, Colombia, 200-300 m. altitude, No- 
vember 12, 1926, Killip d Smith 1W3, type (N.Y.). Galapa, Atlfintlco, Dugand 7 } 0 . 

4. Piptadenia similis Britton & Killip, sp nov. 

Hamuli et folia inermia; petiolus glandulosus; pinna} 3-4-jugae, foliolis 
10-17-jugis, oblongis, subtus pallidis, puberulis, costa subexcentrica ; spicas 
dense puberulse; corolla puberula; stamina 9; ovarium stipitatum, dense pilo- 
sum. 


Twigs and leaves unarmed, the young twigs, lcaf-racliis and rachilhe 
densely puberulent. Pinnae 3 or 4 pairs, 5-7 cm. long ; petiole about 2 cm. long, 
or shorter, bearing a suborbicular sessile depressed gland about 1 mm. in di- 
ameter; leaflets 10-17 pairs, oblong, chartaceous, rounded, 6-9 mm. long, 2-3 
mm. wide, faintly shining and glabrous above when old, pale and puberulent 
beneath, the midvein slightly excentric, the lateral venation delicate; spikes 
few-together, slender, densely puberulent, 4r-5 cm. long, many-flowered ; calyx 
5-toothed, about 1 mm. long, the triangular teeth acute, corolla puberulent, 
deeply 5-lobed, about 2 mm. long, the lanceolate lobes acute; stamens 9, about 
3 mm. long; ovary densely pilose, stipitate. 


Usiacuri, Barranquilla, Atttntico, Colombia, 250 m. <‘levation, July, 1927, Elias 26\?, 
type (U.S.). 


Similar to P. Pitticri Harms, of Venezuela. 


The type locality of Piptadenia sultlliifolia (II. B. K.) Bontli., “In ripa 
fluminis Ohotae, . . . (Regno Novo-Granatensi),” is in present-day Ecuador. 

NOTE. Qotdmania fertida (Jacq.) Standley (Mimosa flrtlda Jacq., Jnt/a 
fcctida TVilld., Acacia foetida H. B. K., Piptadenia feet Ida Benth.) was described 
by Jacquin in 1798 from a cultivated plant, grown from seeds of uncertain 
OTigin. In 1824, Humboldt, Bonpland and Kunth assigned it to “Mescala and 
Venta de Estola, Andes of New Spain”, and record (Nov. Gen. & Sp. 7: 433) 
these localities as in Mexico. Bentham, however (Trans. Linn. Soc. 30; 366) 
states, apparently in error, that Mescala is in Colombia. 
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32. ENT ADA Adans. Tam. PL 2: 318. 1763. 

Type species : Mimosa Entada L. 

1 . Entada gigas (L.) Fawcett & Rendle, FI. Jam. 4 1 2 : 124. 1920. 

Mimosa gigas L. PI. Jam. 22. 1769. 

Mimosa scandcns L. Sp. Pl. ed. 2, 1501. 1763. 

Entada scandens Benth. Joura. Bot. Hook. 4 : 332. 1842. 

Type locality: Jamaica. 

Santa Marta, n. II. Smith 2118. Venezuela; Honduras; Mexico; Jamaica; Cuba; 
Hispaniola ; Martinique ; St. Vincent. Old World tropics. 

33. ENTADOPSIS Britton; Britton & Rose, N. Am. Flora 23: 191. 1928. 

Typo species: Mimosa polystachya L. 

1 . Entadopsis polystachya (L.) Britton; Britton & Rose, N. Am. Flora 23: 191. 
1928. 

Mimosa polystachya L. Sp. Pl. 520. 1753. 

Entada polystachya DC. Mem. Leg. 434. 1S25. 

Type locality : Tropical America. 

Magdalena, Andr6 213. Santa Marta, H. II. Smith 878. Lands of Loba, Bolivar, 
Curran 17 8, 861. French Guiana to Trinidad, Tobago and Venezuela; Ecuador; Panama 
to Guerrero; Grenada to Guadeloupe; Hispaniola. Bejuco de garza. 

34. PARKIA R. Br. in Denham & Clapp, Narr. Trav. Africa, App. 234. 1826. 

Typo species: Parkin africana R. Br. 

Key to Species of Parkia 
Pinme 3 or C pairs ; leaflets several pairs, about 2 cm. 

long 1. 2\ arborea . 

Pinnae 10 pairs or more ; leaflets many pairs, about 12 
mm. long 2 . P. multi juga. 


1. Parkia arborea (Karst.) Britton & Killip. 

Paraphosphcera arborea Karst. FI. Col. 2 : 7, pl. 104. 1862. 

Parkia Paraphosphcera Benth. Trans. Linn. Soc. 30 : 363. 1875. 

Type locality : Eastern declivity of the Cordillera of Bogota, Colombia. 
Known to us only from description and Karsten’s illustration 


2. Parkia multi juga Benth. in Mart. FI. Bras. 15 2 : 266. 


Type locality: Ega, Brazil. 

Ilfo Ca quota, Caquetit, Duckc 123 IS. 


Brazil. 


1876. 


Uknkra of Gjesalpiniaoejs in Colombia 
Key to Genera 

A. Calyx gn mosopalous or polyscpalous. 

Leaves entire, 2-lobcd, or 2-parted. (Bauiiinieje) 


Five or more stamens antheriferous. 

Calyx tubular, the limb spathaceous 1. Bauiiinia. 

Calyx oblong to campanulatc. 

Anther-bearing stamens 10 2. Schnella. 

Antlior-bearing stamens 9 3. Amabia. 

Only 1 stamen antheriferous 4. Caspareopsis, 

Loaves pinnate, bipinnate, or 2-foliolate. 


1. Leaves pinnate or 2-foliolate. (See Emma- 
tooiylon.) 

a. Anthers dorsifixed versatile, longitudinally 
dehiscent. 
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Calyx gamosepalous ; leaves pinnate. 

Stamens 3 ; staminodes 5 ; legume broad, 
woody, dehiscent ; large trees, the 
leaflets few and large. (More®) . . . . 3. 

Stamens 10 ; legume narrow, membranous, 
indehiseent; small trees, the leaflets 


many, small. (Pceppigie.e > C. 

Calyx polysepalous. 

Stipe of the ovary free from the calyx or 
receptacle. (Cyxometre.e) 

Calyx 5-parted 7. 

Calyx 4-parted 8. 


Stipe of the ovary adnate to the calyx or 
receptacle. ( Am hebstieje ) 

Braetlets small, minute, or none. 

Petals 5. 

Leaflets only 1 pair, broad ; stamens 

10 . 

Stigma small: legume large, in- 


dehiscent; flowers large 9. 

Stigma discoid : legume dehis- 
cent; flowers small 10. 

Leaflets many pairs, narrow ; le- 
gume fleshy, indehiseent; fertile 

stamens 3 11. 

Petals only 3, or none. 

ret a Is 3 12. 

Petals none 13. 

Braetlets large, deciduous or persistent. 
Upper petal large, the others rudimen- 
tary. 

Legume flat, suborbicular, rounded; 

leaves pinnate 14. 

Legume oblong to linear. 

Legume oblong, suhligneous ; leaves 

2-foliolate 15. 

Legume linear, elongated; leaves 
pinnate, the numerous leaflets 

acuminate 16. 

Fetals large, unequal 17. 

b. Anthers basifixed, opening by terminal pores, 
or slits. (Casshle) 

Petals only 1 or 2, small, or none; large 
trees IS. 


Petals 5. 

♦Legume not elastically dehiscent. 

1 Legume terete or subterete, or turgid. 
fLegume elongated, woody, indehis- 
cent ; trees with eglandular leaves ; 

perfect stamens usually 10 19. 

^.Legume coriaceous or chartaceous; 
perfect stamens usually 7. 

§ Legume coriaceous tardily dehis- 
cent ; trees with eglandular 
leaves 20. 

§§ Legume chartaceous; leaves glan- 
duliferous. 

Shrubs, trees, or woody vines. 


Moba. 

PCEPPIGIA. 

Pbioria. 

COPAIFERA. 


Hymen^ea. 

Peltogyne. 

Tamabindus. 

Heterostemon. 

Crtjdia. 

OUTEA. 

Macrolobitjm. 

PSETJBOVOUAPA. 

Brownea. 

DlALrUM. 

Cassia. 

Pseudocassia. 
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Legume dehiscent along 1 suture ; 

leaflets 4, broad HI. Cham.efjstula. 

Legume indehiscent, or bursting 
irregularly ; leaflets 0. or more. 22. Adipera. 

Herbs, with very slender dehiscent 

legumes 23. Emelista. 

ft Legume flat or 4-winged. 

Legume 4-winged; large shrub with 

eglandular leaves 24. Heefetica. 

Legume flat; trees or shrubs. 

§ Legume not breaking transversely, 
dehiscent. 

Leaves eglandular. 

Petals strongly col or- veined : le- 
gume thin 2.1. Chamjcsexxa. 

Petals not strongly color- 
veined ; legume coriaceous . . . 2b. Sciacassia. 
Leaves glanduliferous. 

Gland borne near the base of the 

petiole 2T. Ditremexa. 

Gland borne between the leaflets. 2S. Peiramsia. 

§§ Legume coriaceous, indehiscent. 
at length breaking transversely; 

leaves eglandular 29. Isaxdrixa. 

♦♦Legume elastically dehiscent ; funicle 
short; herbs and shrubs. 

Petals unequal; leaves almost always 

glanduliferous 30. Chamjecrista. 

Petals equal or nearly so ; leaves eglandu- 
lar 31. Grimaldia. 

2. Leaves bipinnate, except in Hicmatodirton. 

( C^SALPINIEJE ) 

a. Ovary free from the calyx-tube. 

Leaf-rachis very short, spine-tipped; legume 

torulose 32. Parkixsoxia. 

Leaf-rachis elongated, not spine-tipped. 

Calyx-segments valvate. 

Legume woody, very large ; unarmed tree, 
with very large scarlet or orange 

flowers 33. Deeoxix. 

Legume coriaceous, small; spiny tree< 

with small yellow flowers 34. CERcmrcM. 

Calyx-segments imbricated. 

Legume splitting at the middle of the 

valves ; leaves onee-pinnate 35. H.ematoxylox. 

Legume dehiscent along the sutures or 
indehiscent. 

♦Legume indehiscent. 

Lower calyx-segment entire 30. Libidibia. 

Lower calyx-segment lacerate or 
fimbriate. 

Legume coriaceous, compressed ; 

prickly tree or shrub 37. Tara. 

Legume thin, very flat; unarmed 

trees or shrubs 38. Bbashettia. 

♦♦Legume dehiscent. 

Seeds flat or compressed; legume 
flat, unarmed. 

Stamens elongated; petals large. 39. Poixciana. 
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Stamens short ; petals small . . . . 40. Caesalpixia. 
Seeds subglobose ; legume com- 
pressed, prickly 41. Gtjilandixa. 

b. Ovary adnate to the calyx tube; unarmed 

trees 42. Schizolobium. 

B. Calyx entire, closed in bud, rupturing at antliesis. 

( SWARTZIFJE I 

Trees or shrubs : flowers mostly with 1 large petal 
only 43. Swabtzia. 


1. BAUHINIA [Plum.] L. Sp. PI. 374. 1753. 
Type species : Bauhinia aculeata L. 

Key to Species of Batthixia 


1. Prickly species. 

Flower-bud at anthesis 4 cm. long or longer : petals 

narrowly linear 1. B. Pauletia. 

Flower-bud much shorter ; petals oblong to oblance- 
olate, or obovate. 

Leaves shallowly 2-lobed or emarginate. ........ 2. B. emarginata . 

Leaves 2-lobed to about the middle 3. B. Schultzei. 

2. Unarmed species. 

Petals linear or nearly so. less than 8 mm. broad. 

Leaf-lobes broadly rounded at apex 4. B. conception is. 

Leaf-lobes acute or subacute. 

Petals about 3 cm. long; leaves finely puberu- 

lent beneath o. B. ungulata. 

Petals about 10 cm. long : leaves glabrous 0. B. tarapotemiz. 

Petals oblanceolate or obovate, more than S mm. 
broad. 

Leaves glabrous, the lobes deltoid, subobtuse 7. B. pieta . 

Leaves finely puberulent beneath, the lobes broadly 

ovate, usually acuminulate or short-caudate. . 8 . B. Kalbreyeri . 


1. Bauhinia Pauletia Pers. Syn. 1 : 455. 1805. 

Type locality : Panama. 

Hnrr? n e n P ,f;..^ 0 l iJ» r - €i ! i ip i ? mith WOO; Beriberto !>12, J89. Santa Marta, Record 20. 
DF^?S? UlIla ’ EUai 7 99 ' TrlDldad ? Venezuela; Panama to Sinaloa; Puerto Rico. Pata 


2. Bauhinia emarginata Mill. Gard. Diet. ed. 8, no. 5. 1768. 

? Bauhinia rotundata Mill. Gard. Diet. ed. 8, no. 7. 1768. 

Bauhinia mollicella Blake, Contr. Gray Herb. 53: 32. 1918. 
Bauhinia mollijolia Pittier, Arb. & Arb. Venez. dec. 6-8 : 88. 1927. 


Type locality : Cartagena, Colombia. 

Cartagena (type in Britibh Museum ). 

1 : 02 <r R uff S n< l S99 ' Slirata ' Santander, Fillip d Smith 
Pata~de yaca' 16 2S * Chindcota » ^orte de Santander, Fillip d Smith 20886. Venezuela. 


3. Bauhinia Schultzei Harms, Repert. Sp. Nov. Fedde 24 : 210. 1928. 

Type Jocality : Upper Bio Frio, Colombia. 

Schuli::€ * 28 ( photograph of type); Pittier 1718; Walker 


4. Bauhinia conceptionis Britton & Killip, sp. now 

F amulis iuflorescentiaque minute puberulis ; folia orbiculato- 
renlrormia, 11-nervia, emarginata, supra glabra, subtus minute puberula, lobis 
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rotundatis; petala fere linearia, longe unguiculata; stamina longiora petalis 
subsequalia ; ovarium stipitatum. 

A sparsely branched tree, about 9 m. high, the unarmed twigs and the 
inflorescence finely puberulent. Petioles slender, glabrate, about 4 cm. long ; 
leaf-blades orbicular-reniform, nearly membranous, 11-nerved, reticulate-veined, 
dull, emarginate, shallowly cordate, the lobes broad, rounded, light green, and 
glabrous above, pale, and minutely and sparingly puberulent beneath ; flowers 
axillary, binate ; peduncle 1.5-2.5 cm. long ; pedicels 1-2 cm. long ; flower-bud 
at anthesis about 5 cm. long, pointed, densely puberulent, about 6 mm. in di- 
ameter, the lower, constricted part 10-13 mm. long, the upper, spathaceous part 
deciduous ,* petals white, nearly linear, gradually tapering to a claw, pinnately 
veined, about 5 cm. long, 6-7 mm. wide ; longer stamens about as long as the 
petals ; ovary slender, densely short-pubescent, long-stipitate. 

Intendencia del Chocd, Colombia: La ConcepciOn, about 75 m. altitude, April 20- 
May 23, 1931, Archer 2086, type (N.Y.). ’ P 

5. Bauhinia ungulata L. Sp. PI. 374. 1753. 

Type locality : America. 

Bolivar, Pennell 3977; Killip & Smith 1^513, 14428. Barranqullla, Elias €59, 
Venezuela ; Panama to Guerrero. 

6. Bauhinia tarapotensis Benth. in Mart. FI. Bras. 15 2 3 : 198. 1870. 

Florencia, Caquetfi, POrez 623. Umbria, Putumayo, Klug XS30. Peru. Macheta 

VAIN A. 

7. Bauhinia picta (333 JK.) DC. Prodr. 2: 515. 1825. 

Pavletia picta H. B. K. Nov. Gen. & Sp. 6: 316. 1824. 

Type locality : Rio Magdalena, at Rio Op6n, Colombia. 

In a park, Bucaramauga, Santander, Killip & Smith 19066. Determined from de- 
scription, and photograph of type specimen. 

8. Bauhinia Kalbreyeri Harms, Repert. Sp. Nov. Fedde 19 : 65. 1923. 

Type locality : Murri, Antioquia, Colombia. 

Antioqula : Kalhreyer 1802 (co-type) ; Toro 7 90; Rushy & Pennell 13. Bucaramanga, 
Killip & Smith 14978. Rio Carare, Boyacfi, Daxce 456. El Humbo, Laicrance 492. 
Endemic. Pata dd vaca. 


Bauhinia multinervia H. B. K. with type locality near Caracas. Venezuela, 
was recorded by Bentham as from Colombia, apparently in error. 

2. SCHNELLA Raddi, Mem. Soc. Ital. Modena 18: 411. 1S20. 

Type species: Schnella macrostachya Raddi. 

Key to Species of Schnella 


A. Leaves 2-lobed or emarginate. 

1. Leaves densely pubescent or velutinous beneath. 

Leaves densely long-pubescent beneath 1. 8. uestita . 

Leaves finely pubescent or velvety beneath. 

Calyx-lobes filiform 2. 8. nigra . 

Calyx-lobes broad 3. 8. 1 Iutisii. 

2. Leaves glabrous on both sides or sparingly 

pubescent beneath. 

Leaves very large, 10-15 cm. broad 4. 8. umhriana. 

Leaves much smaller. 

Leaves lobed three-fourths, the lobes narrowly 

lanceolate . 5. 8. stenoloba. 

Leaves lobed about one-fourth, the lobes broad. 

Leaves 9-nerved 0. 8. eolumViensis. 
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Leaves 11-13-nerved 7. 8. longipetala . 

B. Leaves 2-foliolate, or 2-lobed to the base. 

Pedicels very short 8. S. splendew. 

Pedicels slender, about 2 cm. long. 

Filaments glabrous: leaflets ovate 9. 8. Stuebeliana . 


Filaments long- villous ; leaflets oblong-lanceolate. 10. 8. nitida . 


1. Schnella vestita Benth. PI. Hartw. 171. 1845. 


Bauhinia vestita Macbride, Contr. Gray Herb. 59: 22. 1919. 


Type locality : Pandi, Bogota, Colombia. 

Dept. Cund'namarca, Harticeg 962 (type) : Lehmann 2577 (cited by Micheli as 
Bauhinia cumanensis HBK.) : Tnana Ptres 2056. Natagaima, Huila, Busby & 

Pennell 1152, 1158. Without locality, Mutis Endemic. 


2. Schnella nigra Britton & Killip, sp. nov. 

Ramuli petiolique rufo-tomentosi ; folia suborbicularia, 11-nervia, cordata, 
fere ad medium bilobata. lobis obtusis vel subobtusis, supra glabra costa ex- 
cepta, subtus dense pubescentia : inflorescentia laxe racemosa, rufo-tomentosa ; 
calyx subcampanulatus, lobis flliformibus : petala oblanceolata, calyce duplo 
longiora, villosa ; leguinen obovatum, villosum, demum glabrum, nitidum 
nigrum. 


Twigs and petioles rufo-tomontose. Petioles slender, 1-3 cm. long; leaves 
suborbicular, 3-5 cm. long, 3.5-S.5 cm. wide, 11-nerved, cordate at base, 2-lobed 
nearly to middle, glabrous above, except grayish tomentose on midnerve, densely 
short-hirsute beneath, especially on nerves, the lobes obtuse or subobtuse; in- 
florescence loosely racemose, rufo-tomentose, the pedicels 5-10 mm. long; calyx 
campanulate, about fi mm. long, appressed-rufo-hirsute, the lobes filiform 3-4 
mm. long: petals oblanceolate, nearly twice as long as the calyx, villous; 
stamens apparently S: legumes flat, obovate, about 6 cm. long, 3 cm. wide, vil- 
lous, at length glabrous, shining, black. 


Colombia, 1T60-3S08, Mutis 1110 , }2 18, type (U.S.). 
Aguachica, Norte de Santander, Sehlhn 270. 


TVuelta, Holton 989 (barren). 


3. Schnella Mutisii Britton & Killip, sp. nov. 

Ramuli petioli infloreseentiaque dense brunneo-tomentosa ; folia suborbicu- 
laria, 9-nervia. cordata, apice bilobata, lobis obtusis vel subacutis, supra 
glabra et nitida, subtus rufo-sericea et lucentia ; paniouliB spiciformes, multi- 
florae: calycis lobi elliptico-orbiculati, puberuli, cilia ti ; stamina 10. 

Twigs, petioles and inflorescence densely brown-tomentose. Petioles rather 
stout, 1.5-2 cm. long: leaves suborbicular, 4-7 cm. broad, 9-nerved, faintly 
coarsely reticulate-veined, rather deeply cordate at base, 2-lobed at apex, the 
lobes obtuse or aeutish, glabrous and shining above, densely rufo-sericeous, 
beneath; spike-like panicles dense, many-flowered, 6-11 cm. long; calyx-lobes 
elliptic-orbicular, puberulent and ciliate, 5-6 mm. long; stamens 10. 

Colombia, 1760-ISOS, J Intis 2375 , type (U.S.). 

4. Schnella umbriana Britton & Killip, sp. nov. 

Ramuli rufo-puberuli : folia suborbicularia, cordulata, supra minute pu- 
berula, subtus breviter cano-sericea, 11-nervia, ad 2/3 longitudinis bilobata, 
lobis acominatis : inflorescentia terminalis, racemosa; calyx campanulatus, 
lobis triangulato-ovatis, obtusis ; petala obovata, extus villosa ; stamina 10. 

Twigs rufo-puberulent. Petioles terete, wiry, 3-5 cm. long, glabrescent; 
leaves suborbicular in general outline, up to 15 cm. long, and broad, cordulate, 
subcoriaceous, minutely puberulent above, short-cano-senceous beneath, 11- 
nerved, bilobed about two-thirds their length, the lobes acuminate, up to 6 cm 
wide, becoming inflexed toward apex; inflorescence terminal, racemose, the 
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racemes up to 13 cm. lone?, densely flowered, the raehis and calyces rufo- 
tomentose ; pedicels 3—5 min. long ; calyx campanulate, 5-6 mm. long, about 5 
mm. in diameter, the lobes triangular-ovate, obtuse : petals obovate, l.S-2 cm. 
long, S-9 mm. wide, villous without ; stamens 10, 9-10 mm. long, the filaments 
glabrous. 


Comisaria del Putumayo, Umbria. Colombia, 023 m. altitude, forest, October- 
>.ovember, 1930, G. Xlug 1733,ty$Q <N.T.). La Yanguardia, valley of the Rio Guatiquia. 
Meta, Andri 10 \9, cited by Micheli as Bauhinia Raddiana Bong. 


5. Schnella stenoloba Britton & Killip, sp. nov. 

Hamuli rufo-hirsutuli, demum glabrati ; folia oblonga, cordulata, chartacea, 
supra sparse pilosula, subtus sparse sericea, 7-nervia, ad longitudinis bilobata, 
lobis anguste lanceolatis ; racemi terminates, pauciflori ; calyx subcylindricus, 
appresso-rufo-hirsutus, lobis lineari-setaceis ; petaia anguste oblonga; stamina 

Twigs slender, rufo-hirsutulous, at length glabrous. Petioles slender. 1-1.5 
cm. long, rufo-hirsutulous; leaves oblong in general ou tlin e, 3.5-0 cm. long, 
cordulate, chartaccous. scantily pilosulous above, sparingly sericeous beneath, 
7-nerved, closely reticulate, bilobed about three-quarters their length, the lobes 
narrowly lanceolate, up to 1 cm. wide, subobtuse; racemes terminal, few- 
flowered, rufo-hirsute ; pedicels 0-9 mm. long ; calyx subcylindric. the tube about 
1.5 cm. long, S-9 mm. in diameter, strongly nerved, appressed-rufo-hirsute. the 
lobes linear-setaceous, 7-9 mm. long; petals narrowly oblong, about 3 cm. 
long, 4-5 mm. wide, acuminate ; stamens 10, about 1.3 cm. long, the filaments 
glabrous. 

Lower Magdalena River, Colombia, September 191G, If. T. Dawc tjpe (U.S.). 
Isla brava, AnarC 355. 


6. Schnella columbiensis (Vogel) Benth. Bot. Voy. Sulphur S9. 1844. 

Bauhinia columbiensis Vogel, Linn sea 13: 313. 1839. 

Type locality: Cartagena, Colombia. 

Common at lower altitudes in northern Colombia. Venezuela. Bejtco pe cadexa. 
(The older name Bauhinia glabra Jacq., type locality also Cartagena, may 
belong to this species.) 


7. Schnella longipetala Benth. Joum. Bot. Hook. 2: 98. 1840. 

Bauhinia longipetala Walp. Repert. 1: 852. 1842 

Type locality : Paearaima and Parime mountains, British Guiana. 

Aplacbica, Rio Magdalena, Da we 410. British Guiana; Brazil; Bolivia. 

8. Schnella splendens (HJB.K.) Benth. Joum. Bot. Hook. 2 : 97. 1840. 

Bauhinia splendens H.B.K. Nov. Gen. 6 : 321. 1824. 

Type locality : Orinoco River, Venezuela. „ _ 

Colombia, 1760-1808, Mutis 237 S. Venezuela; British Guiana; Brazil. 

A leaf collected by Triana in the Chocd, 80 m. altitude, with lobes up to 
22 cm. long, much larger than any other specimens seen, may be referable to this 
species. 

9. Schnella Stuebeliana (Harms) Britton & Killip 

Bauhinia Stuebeliana Harms, Repert. Sp. Nov. Fedde 19 : 65. 1923. 

Type locality ; Between Honda and Bogota, Colombia. 

A photograph of the type ( Stuebel 87a) seen by us. 
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10. Schnella nitida Britton & Killip, sp. nov. 

Ramuli minute strigosi; folia alte cordata, bifoliolata, chartacea, supra 
glabra, subtus laxe pubescentia, segmentis oblique oblongo-lanceolatis, obrusis, 
5-nerviis ; racemi terminales ; calyx oblongo-campanulatus, dentibus lanceolatis ; 
petala oblanceolata, villosa, calyce fere duplo longiora ; staminorum filamenta 
villosa. 

Twigs slender, finely strigose. Petioles slender, nearly glabrous, 2.5-5 cm. 
long; leaves deeply cordate, 2-foliolate, broadly ovate in outline, 5-8 cm. long, 
cbartaceous, glabrous above, shining and sparingly loosely pubescent beneath, 
the segments obliquely oblong-lanceolate, obtuse, 5-nerved, finely reticulate- 
veined ; racemes terminal, few-flowered, 5-7 cm. long ; pedicels slender, 1-2.5 cm. 
long; calyx oblong-campanulate, strongly nerved, glabrate or sparingly ap- 
pressed-pubescent when young, 1.5-2 cm. long, its teeth lanceolate, 2.5 mm. long : 
petals oblanceolate, about 4 cm. long and 1.5 cm. wide, densely villous ; stamens 
about 10 mm. long, the filaments villous. 

Piedras, at base of lit. Tollma, Tolima, Colombia, at 500 m. altitude,March 1. 1876, 
E. Andre 1938, type (N.Y.), cited by Mlcheli as Bauhinia splendem H.B.K. Piedras, 
400 m. altitude, Triana Mil. Without locality, Mutis 1112, 2369 . 4219. The Triana 
specimen at Kew bears the name Bauhinia hymenoe folia In Triana f s hand. This name 
was used for a Panama species by Hemsley (Plag. Sp. Nov. 4S. 1880), who gave as 
author Triana. 

3. AM ARIA Mutis; Caldas, Sem. Nuev. Gran. 2: 25. 1810. 

Type species: Atnaria petiolata Mutis. 

Ket to Species of Amaria 

Leaves petioled : flowers terminal 1. A. petiolata. 

Leaves sessile, amplexicaul; flowers axillary 2. A. sessilifolia . 

1. Amaria petiolata Mutis; Caldas, Sem. Nuev. Gran. 2: 25. 1810. 

Bauhinia petiolata Triana; Hook. Bot. Mag. 103: pi. 6377. 1877. 

Type locality: Colombia. 

Tocaima, Cundinamarca. 500 m. altitude, Triana M12. Without locality, Mutis 
2377, 2398 (doubtless part of type material), 25}9, 4146. Endemic. Mulatico. 

2. Amaria sessilifolia Mutis; Caldas. Sem. Nuev. Gran. 2: 25. 1810. 

Type locality : Colombia. 

Colombia, Mutis 272} (type at Madrid). 

4. CASPAREOPSIS Britton & Rose, N. Am. Flora 23: 217. 1930. 

Type species: Bauhinia monandra Kurz. 

1. Caspareopsis monandra (Kurz) Britton & Rose, N. Am. Flora 23 : 217. 1930. 

Bauhinia monandra Kurz, Joum. Asiat. Soc. Bengal 42 2 * 4 5 : 73. 1873. 

Type locality : Burma. 

Medellin. Toro 24 9. Venezuela to French Guiana; West Indies, widely naturalized. 
Native of India. 

5. MORA Benth. Trans. Linn. Soc. 18 : 210. 1839. 

Type species: Mora excelsa Benth. 

1. Mora megistosperma (Pittier) Britton & Rose, N. Am. Flora 23 : 218. 1930. 

Dimorphandra jnegistosperma Pittier, Joum. Wash. Acad. Sci. 5: 472. 1915. 
Dimorphandra oleifera Triana ; Hemsl. Biol. Centr. Am. Bot. 1 : 342, hvponym, 
1880. 

Mora oleifera Ducke, Arch. Jard. Bot. Rio Janeiro 4: 45, hyponym, 1925. 
Type locality : Near Sumacate, southern Darien, Panama. 

Bnenaventura, El Valle, Triana \}20; Fillip 5217, 11761. Panama. 
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6 . PCEPPIGIA Presl. Symb. Bot. 1 : 15. 1830. 

Type species: Pceppigia procera Presl. 

1 . Pceppigia procera Presl. Symb. Bot. 1 : 16. 1830. 

Type locality : Cuba. 

Santa Marta, H. EC. Smith 2 61. Without locality, Mutls 4283, 46S}. Brazil; El 
Salvador to Guerrero ; Cuba. 

7. PRIORIA Griseb. FI. Brit. W. Ind. 215. 1860. 

Type species: Prioria copaifera Griseb. 

1 . Prioria copaifera Griseb. FI. Brit. W. Ind. 215. 1860. 

Type locality : near Bath, Jamaica. 

Forest of Darien country, Colombia, Da\ce 888. Jamaica; Panama: Nicaragua. 
Catiyo, trementixo. 

8 . COPAIFERA L. Sp. PL ed. 2 , 557. 1762. 

[Copaiva Jacq. Enum. PI. Carib. 4, 21 . 1760.] 

Type species: Copaifera officinalis L. 

1 . Copaifera Canime Harms, Repert. Sp. Nov. Fedde 24; 210. 192S. 

Type locality : Santa Izabel de Hungria, Santa Marta, Colombia. 

Santa Izabel de Hungria, Schultsc 608 (fragment and photograph of type*. Canime. 

9. HYMENiEA L. Sp. PI. 1192. 1753. 

Type species: Hymencea Courbaril L. 

1 . Hymenaea Courbaril L. Sp. PL 1192. 1753. 

Type locality : Brazil. 

Santa Marta, H. H. Smith 2027. Venezuela to French Guiana; Bolivia and Brazil; 
Panama to Tepic ; West Indies. Algarrabo. 

10 . PELTOGYNE Vogel, Linnsea 11: 410. 1S37. 

Type species: Pcltogyne discolor Vogel. 

1 . Peltogyne pubescens Benth. Joura. Bot. Hook. 2 ; 96. 1840. 

Type locality : British Guiana. 

Magdalena Valley, Daice 49o . Without locality, Mutis 22/7, 2376, JS0S , J02J. 
Venezuela; British Guiana. 

11 . TAMARINDUS L. Sp. Pl. 34. 1753. 

Type species: Tamarindus indica L. 

1 . Tamarindus indica L. Sp. Pl. 34. 1753. 

Type locality: India. 

Frequent in Colombia, naturalized after planting, as nearly throughout tropical 
and subtropical America. Tamaeindo. 

12. HETEROSTEMON Desf. Mem. Mus. Paris 4: 241. ISIS. 

Type species: Heterostemon mimosoides Desf. 

1 . Heterostemon Vageleri Harms. Notizbl. 9 : 291. 1925. 

Type locality : Buena Fortuna, Carare, Colombia. 

Known to ns only from a fragment and photograph of the type specimen 

( Tageler 70). 
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13. CRUDIA Schreb. Gen. 282. 1789. 

[Atilatoa Aubl. PI. Guian. 1 : 382. 1775.] 

Type species: Crudia spicata Willd. 

1 Crudia asqualis Dueke, Arcli. Jard. Bot. Rio Janeiro 3 : 91. 1922. 

Tji>e locality: Rio Tapajoz, near Cachoeira do Mangibal, Brazil. 

Sabanagrande and Arrojo Leon, Atlantloo, Dugand 289 , 3}0, Brazil. 

14. OUTEA Aubl. PI. Guian. 1: 28, pi. 9 . 1775. 

Type species: Outea guianensis Aubl. 

1. Outea (?) colombiana Britton & Killip, sp. nov. 

Folia inflorescentiaque glabra ; foliola 3-4-juga, oblonga vel oblongo-lanceo- 
lata, sessilia, acuta, basi angustata ; racerni axiliares, tenuissimi ; sepala oblonga 
vel lanceolata : ovarium longepilosum. 

Foliage and inflorescence glabrous, the twigs slender. Petiole and rachis 
channeled and margined above ; leaflets 3 or 4 pairs, oblong to oblong-lanceolate, 
sessile, subchartaceous, nearly equilateral, acute, the base narrowed, the pinnate 
venation delicate, the mid vein elevated heneath : racemes axillary, very slender, 
few-several-flov ered. 6-9 cm. long ; pedicels very slender, 4 or 5 mm. long ; sepals 
oblong to lanceolate, 4r-6 mm. long ; ovary slender, long-pilose. 

^ ^Isthmus of San Pablo, El ChocG, Colombia, at 70 m. elevation, Triana h\19, type 


15. MACROLOBIUM Schreb. Gen. 30. 1789. 

[Vouapa Aubl. PI. Guian. 1: 25, pi. 7. 1775] 

Type species: Macrolobium Yuapa Gmel. 

1. Macrolobium floridum Karst. FI. Colomb, 1 : 151, pi. 75. 1861. 

Yuapa floridn Kuntze, Rev. Gen. Pl. 1 : 213. 1891. 

Type locality: Puerto Cabello, Venezuela. 

Qmbdo, El Cboco, Archer 2020, 2028. COrdoba, El Valle, Killip 11852. Venezuela. 


16. PSEUDO VOUAPA Britton & Killip, gen. nov. 

Arbor inermis ; stipulse magnra, f alcatse ; folia bipinnata, foliolis numerosis, 
magnis, laneeolatis ; flores breviracemosi, receptaculo tenue, elongato, bracteolis 

2, in involucrnm magnum parte connatis ; sepala 4 ; petalum 1, oblongum ; stamina 

3, filamentis infra villosis : ovarii stipes ad receptaculum adnatus ; stylus fili- 
formis, stigmate minuto ; legumen lineare, planum, brevistipitatum, elongatum. 

An unarmed tree, with bipinnate leaves, the numerous large leaflets lanceo- 
late, long-acuminate, the large persistent stipules falcate, the flowers in short 
racemes. Receptacle slender, elongated. Bractlets 2, partly united into a large 
involucre. Sepals 4, little longer than the receptacle. Petal 1, oblong. Stamens 
3, the filaments villous below. Stipe of the ovary adnate to the receptacle ; style 
filiform, long; stigma minute. Legume linear, flat, glabrous, short-stipitate, 
much longer than wide. 

Type species : Macrololium stenosiphon Hams. 


1. Pseudovouapa stenosiphon (Harms) Britton & Killip. 

Macrolobium stenosiphon Harms, Repert. Sp. Nov. Fedde 3: 51. 


1906. 


Triana 
Archer 298}. 


Endemic. DoeiiilOx. 


Novita, El 
Concepci6n, El 


Chocd, 

Chocd, 
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17. BROWNEA Jacq. Enum. PI. Carib. 6. 1760. 
Type species: Brownea coccinca Jacq. 


Key to Species op Brownea 

A. Leaves 1^1- jugate. 

Leaf rachis and petiolules pubescent, the rachis 
stout. 

Stamens united below into a tube about 1 cm. 

long; leaflets with a gland at base 

Stamens free nearly to base ; leaflets eglandular. 
Leaf rachis and petiolules glabrous, the rachis 
slender. 

Inflorescence pendulous, borne on the older 
branclilets, the common peduncle more than 

7 cm. long 

Inflorescence erect or sub erect, borne on the young 
branchlets, the common peduncle not more 
than 1 cm. long. 

Pedicels very slender, more than 20 mm. long, 

glabrous; leaflets 2-4 cm. wide 

Pedicels stout, 5-15 mm. long, pubescent. 
Floral sheath subequal to calyx tube; heads 

not more than 10-flowered 

Floral sheath much longer than calyx tube; 
heads more than 10-flowered 

B. Leaves (except uppermost) more than 4- jugate. 
Heads of flowers large, in full flower more than 10 

cm. wide; petals more than 1 cm. wide 

Heads of flowers smaller, less than 10 cm. wide; 
petals not more than 1 cm. wide. 

Leaflets 9-13 to a side, cordate or cordulate, 
glabrous, glaucous beneath, the rachis 

quadrangular 

Leaflets 6-8 to a side, acute or rarely rounded at 
base, green and minutely puberulent be- 
neath, the rachis terete 


1. B.macropliylla. 

2. B. Holtonii. 


8. B. bolivaranis. 


4. B. longipedictllata. 

5 . B. cnolmls. 

6. B. Rosa-de-ynonte. 

7. B. Ariza, 


8. B. multi juga. 


9. B. strnantha. 


1. Brownea macrophylla Linden, Cat. no. 18, 11. 1863; Gard. Chron. 1873: 

777, f. 149 . 1873. 

Brownea antioquienm Linden, Cat. 3. 1869. 

Type locality : Antioqnia, Colombia. 

Mutis 964, 2 938. Medellin, Toro 101. Mompos Island, Bolivar, Curran 2J7. El 
Humbo, Boyacti, Laicrance 587, 587a. Panama. Ariza. 

2. Brownea Holtonii Britton & Killip, sp. nov. 

Arbor, ramulis petiolis rachidibusque tomentosis ; folia 2-3-juga, foliolis 
oppositis, abrupte caudato-acuminatis, eglandulosis, subcoriaceis. supra glabris, 
subtus minute puberulis, eglandulosis, infimis oblongis vel ovato-oblongis. ceteris 
oblanceolatis : vagime tubuloso-campanulatm, tomentoste; sepala 4, ad basim 
conjuncta ; petala 5, obovata, longe unguiculata ; stamina fere ad basim libera. 

A tree, the branchlets tomentose. Leaves 2 or 3-jugate. the rachis and 
petiole up to 12 cm. long, stout, angulate. tomentose, the leaflets opposite, with 
short stout petiolules 2-6 mm. long, subcoriaceous, glabrous above, beneath 
minutely puberulent, pilosulous on the midnerve, abruptly caudate-acuminate, 
eglandular, the lowest pair oblong or ovate-oblong, up to 10 cm. long and 5 cm. 
wide, the others oblanceolate, up to 14 cm. long and 6 cm. wide : bracts spatulate, 
about 4 cm. long, 2 cm. wide, short-pubescent ; pedicels 6-8 mm. long, tomentose ; 
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sheaths tubular-campanulate, 2.5-3 cm. long, 2-lipped, tomentose; sepals 4, 
united at base, about 4 cm. long, the anterior one 10-11 mm. wide, the others 
about half as wide ; petals 5, obovate, up to 7 cm. long, tapering to a long claw ; 
stamens about 6 cm. long, united only at base; ovary long-stipitate, densely 
tomentose. 

Honda, Department of Tolima, Colombia, April 26, 1834, I. F. Holton , type (N.Y.). 

3. Brownea bolivarensis Pittier, Contr. U. S. Nat. Herb. 20: 111. 1918. 

Type locality: Between NorosI and Tiquisio, Department of Bolfvar, Colombia. 
Bolivar, Curran 14 2 (type). 

4. Brownea longipedicellata Huber, Bol, Mus. Goeldi 7 : 293. 1913. 

Type locality : Rfo Caquetfi, Colombia. 

Cupati, Caquetfi, Ducke 12353 (co-tjpe), 109 27. 

5. Brownea aroensis Pittier, Contr. U. S. Nat. Herb. 18: 152. 1916. 

Type locality : Aroa River, Lara, Venezuela. 

La Esmeralda, Norte de Santander, Killip d Smith 20937. Venezuela. 

6. Brownea Rosa-de-monte Berg, Phil. Trans. Roy. Soc. London 63 : 174, vl. 8 , 9. 

1773. 

Type locality : Porto Bello, Panama. 

Mutis 951 , 4 M 2 . Tnana H22. Buenaventura, El Valle, Trlana 442 3. Rio Nercua. 
Schott 3. Panama. St. Vincent ? Tobago ? 


7. Brownea Ariza Benth. PI. Hartweg. 171. 1845. 

Type locality : Guaduas, “Prov. Bogota,” Colombia. 

Frequent in Co’ombia. Ariza, palo de Cruz, plor de la Cruz, palo de rosa. 

8. Brownea multijuga Britton & Killip, sp. nov. 

Arbor, ramulis glabris; folia 9-13-juga, rachide quadrangualata, foliolis 
oppositis vel suboppositis, anguste oblongo-lanceolatis. eaudato-acuminatis, 
cordatis vel cordulatis, glabris ; inflorescentia terminalis, densiflora ; bractese 
late ovatse ; vagime tubulos®, bilabiate; sepala 4, anteriore aliis subduplo 
latiora ; petala obovato-spathulata, longe unguiculata. 


A tree 12 to 15 meters high, the branchlets glabrous except at the ends. 
Leaves 9-13-jugate, the uppermost and lowermost leaflets opposite, the others 
subopposite; petiole terete, stout, about 1 cm. long, appressed-ruf o-hirsute ; 
rachis 20-35 cm. long, quadrangular, glabrous, the petiolules 3-4 mm. long, 
rugulose, glabrous, black; leaflets narrowly oblong-lanceolate, 8-14 cm. long, 
2-3.5 cm. wide (lower leaflets cordate, up to 5 cm. long, 2 cm. wide), caudate- 
acuminate at apex, eordulate at base, coriaceous, glabrous, glaucous beneath ; 
inflorescence bright red, terminal, solitary, sessile, 8-9 cm. wide, densely 
flowered ; bracts broadly ovate, 1-1.5 cm. long, minutely rufo-tomentose without ; 
pedicels about 5 mm. long, rufo-hirsute ; sheaths tubular, about 2.5 cm. long, 
bilabiate, hirtellous ; sepals 4, about 1.5 cm. long, the anterior one about twice 
as broad as the others ; petals obovate-spatulate, 2-2.5 cm. long, 8-10 mm. wide, 
long-clawed; stamens as long as the petals, the anthers oblong; pistil about 4 
cm. long, the ovary densely sericeo-hirsute, the style glabrous. 
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9. Brownea stenantha Britton & Killip, sp. nov. 

Arbor, ramulis glabris; folia 6-8-juga, rachide terete, foliolis ovatis vel 
ovato-oblongis, eaudato-acuminatis, basi acutis vel rotundatis. supra glabris 
subtus minute puberulis; inflorescentia terminalis et axillaris, densiflora; 
bracteae late ovatse; vagince anguste tubulosse, appresso-hirsutse ; sepala 4; 
petala 5, obovata ; stamina 11, ad 1/3 longitudinis connata. 
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A tree ; branchlets verrucose, glabrous, subterete, the younger portion 4- 
sulcate. Leaves 6-8-jugate, the terminal and basal pairs of leaflets opposite, 
the others sometimes subopposite ; petioles stout, verrucose, about 5 mm. long ; 
rachis 20-30 cm. long, terete, glabrous or sparsely puberulent ; petiolules slender, 
about 5 mm. long, glabrous ; leaflets ovate or ovate-oblong, 5-11 cm. long. 2-4.5 
cm. wide, caudate-acuminate at apex, acute or rarely rounded at base, sub- 
coriaceous, glabrous above, minutely puberulent beneath ; inflorescence terminal 
and axillary, up to 9 cm. wide, densely flowered: bracts broadly ovate, about 
1.5 cm. long and 2 cm. wide, rufo-tomentellous without: pedicels slender, 5-10 
mm. long, hirsutulous; sheaths narrowly tubular, about 1.5 cm. long, 3 mm. 
wide at throat, bilabiate, appressed-hirsute ; calyx tube about 2 cm. long, 0.8 
mm. in diameter in lower half, 3-4 mm. wide at throat, the sepals 4, the anterior 
one about 4 mm. wide, the others about 2 mm. wide ; petals 5, 2 cm. long, 5 mm. 
wide, obovate, the claw very slender ; stamens 11, 3 cm. long, connate for about 
1 cm., the anthers ovate, 1.5 mm. long ; ovary flavo-hirsute. 

Morrocoquiel, Rio Sind, Bolivar, Colombia, March 11, 191S, Pennell }698 , type (U.S.). 

18. DIALIUM L. Mant. 1 : 1. 1767. 

Type species: Dialium initum L. 

1. Dialium guianense (Aubl.) Steud. Nom. ed. 2, 1: 497. 1840. 

Arouna guianensis Aubl. PI. Guian. 1: 16, pi. o. 1775. 

Aruna divancata Willd. Sp. PI. 1 : 49. 1797. 

Dialium divaricatum Yah], Enum. 1 : 302. 1804. 

Type locality: French Guiana. 

Lands of Loba, Bolivar, Curran 60. Venezuela to French Guiana and Brazil ; Panama 
to Guatemala. Graxadillo. 


19. CASSIA [ToumJ L. Sp. PL 376. 1753. 

Type species: Cassia Fistula L. 

Key to Species of Cassia 

Sepals canescent; legume transversely rugose 1. C. grand is. 

Sepals glabrous or puberulent; legume smooth 2. C. moschata. 

1. Cassia grandis L. f. Suppl. 230. 1781. 

Cassia brasiliana Lam. Encycl. 1 : 649. 1785. 

Type locality : Surinam. „ ^ 

Santa Marta, H. E. Smith 2 061. Barranquilla, Elias 696 , 120 4. Lands of Loba, 
Atl&ntico, Curran 155. Cienaga de Oro, Bolivar, Pennell $127, Medellin, Toro 252. 
Tulud, El Valle, Lehmann 4 51 b La Palla, El Valle, Holton 9-SI. Naranjo, El Valle, 
Andr6 2562 (cited by Micheli as Cassia leiandra Benth.). Surinam to Trinidad, To- 
bago and Venezuela ; Greater Antilles ; Panama to Guerrero. CaSafistula gedesa, 

CANADONGA. 


2. Cassia moschata H. B. K. Nov. Gen. & Sp. 6 : 338. 1824. 


Type locality : Mompos, Magdalena Elver, Colombia. « , , 

Sahagdn, Bolivar, Pennell W82. Mompos, Humboldt & Bonpland (type, Paris). 
British Guiana and Venezuela ; Trinidad ; Panama and Costa Rica. 


Cassia racemosa Mill. Gard. Diet. ed. 8, no. 19. 1768. The type locality 
of this species is Cartagena, Colombia. Miller’s description is insufficient to 
enable us to associate with it any specimens seen by us from Colombia. 
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20. PSEUDOCASSIA Britton & Rose, X. Am. Flora 23 : 230. 1930. 

Type species: Cassia spcctabilis DC. 

1. Pseudocassia spectabilis (DC.) Britton & Rose, X. Am. Flora 23: 230. 1930. 

Cassia spcctabilis DC. Cat. Hort. Monsp. 90. 1S13. 

Cassia s ptciosa H. B. K. Xov. Gen. & Sp. 6: 33S. 1824. Xot Schrad. 

Cassia Humboldtiana DC. Prodr. 2 : 489. 1825. 

Type locality • Caracas, Venezuela 

Frequent m Colombia. Tobago : Trinidad ; Venezuela ; Panama to Tabasco : Ja- 
maica ; Cuba; Hispaniola. CHSafistcla macho. 

21. CHAM^FISTULA G. Don, Gen. Syst. 2: 451. 1832. 

Type species: Cassia bacillaris L. f. 

Key to Species of Cham.® fistula 

Bracts large, lanceolate, persistent. (Undulate) ... 1. O. undulata . 

Bracts small, ovate to linear, mostly caducous. 

Sepals strongly elevated parallel-veined and retic- 
ulated. (Macrophylije) 

Shrubs or trees; petals much longer than the 
sepals; leaflets glabrate, or short-pubescent 
beneath. 

Leaflets about IS cm. long or shorter; petals 


about 10 mm. long 2. C. macrophyUa . 

Leaflets up to 32 cm. long; petals about 2 cm. 

long 3. C. gig anti folia. 

A tall herb ; leaflets pilose beneath ; petals little 

longer than the longer sepals 4. C. Hazenii, 


Sepals veinless or delicately parallel-veined. 

A. Leaflets acuminate. 

Flowers large: petals 15-25 mm. long; sepals 
delicately parallel-veined. ( Smithian.® ) 

Leaflets membranous ; pedicels filiform ; 

sepals orbicular to elliptic 5. C. Smithiana . 

Leaflets chartaceous ; pedicels slender ; 
sepals oblong to ovate. 

Leaflets few-veined, gradually . acuminate. 6 . C . huilana. 
Leaflets several-veined, abruptly acuminate. 7. G. fluviatilis. 
Flowers relatively small; petals 10-12 mm. 
long. (CCRRANL® I 
1. Leaflets definitely inequilateral, 
a. Leaflets membranous or subchart aceous. 

Inflorescence a terminal elongated 


panicle 8. C. angusta . 

Inflorescence axillary, few-flowered, very 

short 9. C. Klugii. 


b. Leaflets tbick-chartaceous 10. C. acuminata . 

2. Leaflets scarcely inequilateral. 

Upper leaflets about 7 cm. long; young 

legume constricted between the seeds. 11. C. tocotana. 
Upper leaflets S-16 cm. long. 

Leaflets abruptly acuminate ; pedicels 

„ J on * 12. C. Curranii . 

Leaflets gradually acuminate; pedicels 

short 13. C. oxypfiylJa. 
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B. Leaflets acute or obtuse. 

1. Twigs inflorescence, and under leaf-sur- 

faces densely rufo-villous ; flowers about 
5 cm. broad. (SPECiosiE) 14. C. %pociosa. 

2. Plants glabrous or sparingly pubescent; 

flowers much smaller. (Bacitxabes) 

Leaflets subcoriaceous, 4-8 cm. long in. C. subcoriacca. 

Leaflets cbartaceous or membranous, longer. 

a. Leaflets elliptic, very obtuse, apiculate. 1C. C. apiculata. 

b. Leaflets ovate to obovate, not apiculate. 

Leaflets membranous, slightly inequi- 
lateral IT. C. Toroam . 

Leaflets chartaceous, definitely inequi- 
lateral. 

Twigs and inflorescence glabrous. 

Petals 20-25 mm. long 18. C. inccqnUatcra. 

Petals only 10 mm. long; legume 

delicately reticulate-veined . . . • 19. C. tolimcnsis. 

Twigs and inflorescence puberulent. 

Petals about 10 mm. long; foliage 
pale green ; legume very slender, 

puberulent 20. C. lolivarensis. 

Petals 20-25 mm. long; foliage dark 

green 21. C. brteillaris. 

Inflorescence unknown : rachis gland very small, 
globose; leaflets ovate; legume 20 cm. long. 

(Micbadenle) 22. C. micraduiin . 

1. Chamaefistula undulata (Benth.) Pittier, Trab. Mus. Com. Venez. 3: 151. 

1928; Arb. & Arb. Legum. 121. 1928. 

Cassia undulata Benth. Joum. Bot. Hook. 2; 76. 1840. 

Type locality : British Gniana. 

Malena, Antioquia, Pennell 3 77$. Sahagun, Bolivar, Pennell ±102. CMnfLcota, 
Norte de Santander, Kllltp & Smith 20850. Medellin, Toro 10 21 Popume. .Mien 85 7. 
Honda, Tolima, Andr6 697 bis, cited by Michel! as Cassia quinquangulata. Venezuela; 
Trinidad ; British Guiana ; Panama to Tucat&n. 

2. Chamaefistula macrophylla (Kunth) G. Don, Gen. Syst. 2 : 451. 1832. 

Cassia macrophylla Kunth, Mim. 126, pi. 88. 1819. 

Type locality : Near Cartagena, Colombia. 

Frequent in Colombia. Endemic. 

3. Chamaefistula gigantifolia Britton & Killip, sp. nov. 

Frutex vel arbor, ramis glabris; folia maxima, rachide inter jugum in- 
ferius foliolorum glandulosa, glandula oblonga, foliolis chartaceis, glabris, 
acuminatis, ellipticis vel elliptico-laneeolatis ; inflorescentia subcorymbosa, 
sparse puberula; sepala oblonga vel elliptica, reticulata; petala oblonga vel 
elliptica. 

A shrub, or a tree up to about 4 m. high, perhaps higher, the stout branches 
glabrous. Leaves very large, the glabrous rachis up to 22 cm. long, bearing an 
oblong gland between the lower pair of leaflets ; leaflets chartaceous, glabrous, 
pinnately many-veined and finely reticulated, acuminate, dull, slightly in- 
equilateral, elliptic or elliptic-lanceolate, the upper pair up to 35 cm. long and 
15 cm. wide, the lower pair somewhat smaller; inflorescence subcorymbose, 
sparingly puberulent, borne, at least sometimes, on the main stem; peduncle 
2-3 cm. long ; pedicels very slender, 3-4 cm. long ; sepals oblong to elliptic, ob- 
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tuse. elevated-veined and reticulated, about 10 mm. long; petals oblong to 
elliptic, clawed, 16-20 mm. long. 

In forest, Bio Putumayo, Peru-Colombia boundary, September 26, 1930, 0. Klug 
1622, type (NVY.). Mlshuyacu, Loreto, Peru, Q-. Klug 27 9. 

4. Chamaefistula Hazenii Britton & Kill ip, sp. nov. 

Herba alta. ramis foliorum racbi dibus brevipubescentibus ; rachis inter 
jugum inferius foliolorum glandulosa, glandula oblongo-conica ; foliola sub- 
chartacea. acuta vel subacuminata, supra glabra, subtus pilosa, subsequila- 
teralia, superiora elliptica, inferiora ovata; inflorescentia axillaris; sepala 
elliptico-obovata, valde parallelo-venia et reticulata ; petala obovata vel oblonga. 

A tall herb, with stout short-pubescent branches and leaf-rachis. Rachis 
10-12 cm. long, bearing an oblong-conic gland between the lower pair of leaflets ; 
leaflets subchartaceous, acute or short-acuminate, distinctly pinnately veined 
and very finely reticulated, dull, glabrous above, pilose beneath, nearly equi- 
lateral, 9-18 cm. long, the lower pair ovate, the upper nearly elliptic ; inflores- 
cence axillary, several many-flowered ; peduncle 2-3 cm. long ; pedicels slender, 
3.5 cm. long, or shorter; sepals elliptic-obovate, rounded, strongly parallel- 
veined and reticulated, 9-12 mm. long; petals obovate to oblong, 10-15 mm. 
long. 

In forest. La Palmita. west of Armenia, Caldas, Colombia, 1100-1300 m. altitude, 
July 23, 922, Pennell KiUip d Eazen 8613 , type (U.S.). 


5. Chamaefistula Smithiana Britton & Rose, sp. nov. 

Frutex, ramulis glabris; folia glabrata, rachide inter jugum inferius 
glandulosa, glandula oblonga, foliolis ovatis vel ovato-lanceolatis, acuminatis 
vel acutis. membranaceis ; inflorescentia snbpaniculata, pedicellis flliformibus ; 
sepala orbiculata vel elliptica, tenuiter venosa. 

A shrub, 2-^3 m. high, with very slender, glabrous twigs. Stipules linear- 
lanceolate, 8-12 mm. long, decidnous ; leaves glabrous, or sparingly pubescent 
when young; petioles 2-3 cm. long; rachis bearing an oblong gland between 
the lower pair of leaflets ; leaflets ovate or ovate-lanceolate, acuminate or acute, 
4-10 cm. long, membranous, glabrous ; inflorescence subpanieulate ; pedicels fili- 
form, 2.5 cm. long, or shorter, sparingly pubescent ; sepals orbicular to elliptic, 
glabrous, delicately parallel-veined, rounded, about 6 mm. long; petals 15-25 
mm. long, glabrous. 

Santa Marta, Columbia. Type from fire miles east of Cienega, September 10, 
1S9S, E. E. iSmith 251 9 type (X.X.), 250. 


6. Chamaefistula huilana Britton & Rose, sp. nov. 

Frutex scandens, ramis foliisque glabris ; rachidis glandula inter jugum 
inferius foliolorum; foliola chartacea, sensim acuminata, inferiora ovata, 
superiora^ lanceolata vel oblongo-lanceolata ; panicula terminalis, pedicellis 
tenuissimis ; sepala oblonga, tenuiter venosa. 


A vine-like shrub, the leaves and slender branches glabrous. Petioles 
stout, about 4 cm. long, or shorter; gland borne between the lower pair of 
leaflets; leaflets ehartaceous, gradually acuminate, the lower pair ovate, 6-9 
(*m. long, the upper pair lanceolate or oblong-lanceolate, 9-13 cm. long : inflores- 
cence a terminal panicle, its branches glabrous, or finely pubemlent above ; 
pedicels very slender, 2-4 cm. long ; sepals oblong, pubemlent or glabrate, deli- 
cately parallel-veined, fi-10 mm. long; petals 15-20 mm. long. 


i»«S? r i , !B e,E ?o?J le S ta i: e 2 st n 0f Hulla > Colombia, 2000-2500 m 

August 1-8, 191 i. Rushy d Pennell 6S9 t type (N.Y.), 856. 


altitude, forest, 


t. Chamaefistula fluviatilis Britton & Killip, sp. nov. 

Frutex ramosissimus, ramulis fiexilibus inflorescentia foliorum rachideaue 
puberulis ; rachidis glandula oblonga, Inter Jugum inferius foliolorum ; foliola 
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subchartacea, valde insequilateralia, abrupte breviter acuminata, dense reticu- 
lata, supra glabra, subtus laxe et breviter pubeseentia, inferiora ovata, 
superiora anguste obovata; flores pauci, laxe fasciculati, pedicellis tenuibus; 
sepala ovata, tenuiter venosa ; petala oblonga, pubeseentia. 

A much-branched shrub, 2-3 m. high, the slender zigzag twigs, the inflores- 
cence, and leaf-rachis puberulent. Rachis 3-5 cm. long, bearing an oblong gland 
between the lower pair of leaflets; leaflets subchartaceous, definitely inequi- 
lateral, rather abruptly short-acuminate, rather closely pinnately 10-13-veined 
and closely reticulated, glabrous above, loosely short-pubescent beneath, the 
lower pair ovate, 5-7 cm. long, the upper narrowly obovate, 6-10 cm. long; 
flowers few, loosely clustered ; pedicels slender, about 8 cm. long ; sepals ovate, 
obtuse, glabrate, delicately parallel-veined, 5-0 mm. long; petals oblong, obtuse, 
pubescent, about 13 mm. long ; young legume very slender, sparingly appressed- 
pubescent, about 15 cm. long, 2 mm. thick. 

In thickets along river, vicinity of Puerto Welches, Santander. Colombia, 100 m. 
altitude, November 2S t 1926, Killip d Smith 1^782, tjpe (N.Y.i. Rio de Oro, Norte de 
Santander, Kalbreyer 696. 

8. Chamaefistula angusta Britton & Killip, sp. nov. 

Arbor parva, ramulis tenuissimis, sparse pubescentibus ; glandula linearis, 
acuta, inter jugum inferius foliolorum ; foliola membranacea, glabra, obliqua, 
acuminata, incequilateralia, superiora late oblanceolata, inferiora ovata ; panic- 
ula angusta, elongata, terminalis, pubescens ; sepala rotundata vel obtusa. 

A low tree, with very slender, sparingly pubescent twigs. Petioles slender, 
pubescent, about 2.3 cm. long, or shorter ; gland linear, pointed, about 2 mm. 
long, borne between the lower pair of leaflets ; leaflets thin, glabrous, oblique, 
acuminate, narrowed at the base, inequilateral, the upper pair broadly oblanceo- 
late, 9-12 cm. long, about A cm. wide, the lower pair ovate, 5-7 cm. long ; flowers 
numerous in a narrow terminal panicle, its axis and the pedicels pubescent ; 
pedicels 6-12 mm. long ; sepals rounded or obtuse, 3-5 mm. long ; petals puberu- 
lent, about 1 cm. long ; anthers about 6 mm. long. 

Thickets near Rfo Guatiquia. Yillavlcenclo, Meta, Colombia, 500 m. altitude. Sept. 

I, 2, 1917, Pennell 1585 Type (N.Y.). 

9. Chamaefistula Klugii Britton & Killip, sp. nov. 

Scadens, ramis rachideque sparse et breviter pubescentibus ; glandula inter 
juga ambo foliolorum ; foliola subchartacea, glabra, acuminata, inaequilateralia, 
laxe reticulata, inferiora ovata, superiora late laneeolata: inflorescentia brevis, 
axillaris, pauciflora, dense puberula ; sepala oblongo-elbptica ; petala obovata. 

Liana, the branches and leaf-rachis sparingly short-pubescent. Rachis 
“slender, bearing a slender gland between both pairs of leaflets: leaflets sub- 
chartaceous, glabrous, acuminate, inequilateral, pinnately several-veined and 
loosely reticulated, the lower pair ovate, about 6 cm. long, the upper broadly 
lanceolate, 10-13" cm. long; inflorescence short, axillary, few-flowered, rather 
densely puberulent; peduncle only about 2 cm. long: pedicels about 15 mm. 
long, or shorter; sepals densely puberulent, oblong-elliptic, obtuse, 8-9 mm. 
long ; petals obovate, 10-11 mm. long. 

In forest, Comisarlo del Putumayo, Umbria, Colombia, 325 m. altitude, November 

II, 1930, Q. Klug 1761 , type (N.Y.). Without definite locality, llutis 2441 . 

10. Chamaefistula acuminata Britton & Killip, sp. nov. 

Folia glabra, foliolis crasso-chartaceis, ac-uminatis, dense reticulatis, su- 
perioribus oblongo-lanceolatis, inferioribus ovatis ; flores subracemosi. pedicellis 
strigosis ; sepala oblonga, glabra ; petala pubeseentia ; legumen glabrum, breviter 
acutum. 

Foliage glabrous. Petioles 2-2.5 cm. long ; leaflets rather thick-chartaceous, 
finely reticulate-veined, sharply acuminate, the lower pair ovate, 3-6 cm. long. 
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the upper pair oblong-lanceolate or oblong-oblanceolate, 5-9 cm. long; flowers 
subracemose ; pedicels slender, strigose, about 1.5 cm. long ; sepals oblong, obtuse 
or rounded, glabrous, about 4 mm. long; petals pubescent, 10-12 mm. long; 
legume glabrous, short-tipped, 22 cm. long, about 1.5 cm. thick. 

Independence Park, Medellin, Colombia, March, 1927, Toro 61, type (N.Y.). 

11. Chamasfistula tocotana Rose, sp. nov. 

Arbor parva, fere ubique glabra: foliola oblongo-lanceolata, acuminata, 
glandula inter jugum inferius ; inflorescentia axillaris ; petala oblonga ; legumen 
Juvenile tenue, glabratum, inter semina constrictum. 

A small tree, about 2 meters high, the twigs terete, with scanty spreading 
hairs when young, soon becoming glabrous. Petiole and rachis slender, about 
5 cm. long; stipules minute, narrow; leaflets oblong-lanceolate, 3-7 cm. long, 
acuminate, glabrous on both sides, shining above, an oblong gland between the 
lower pair : inflorescence axillary ; peduncles slender, sometimes as long as the 
leaves ; pedicels slender, 2-3 cm. long ; sepals 5 mm. long ; petals oblong, about 
12 mm. long; ovary at first pubescent, soon glabrate; young legume slender, 
glabrate, about 7 cm. long, constricted between the seeds. 

Cuesta de Tocotd, road from Buenaventura to Cali, El Valle, Colombia, December, 
1903, Pittier 720, type (U.S.) . 

12. Chamaefistula Curranii Rose, sp. nov. 

Arbor, ramulis inflorescentiaque puberulis ; rachidis glandula inter jugum 
inferius foliolorum; foliola membranacea, glabra, subabrupte acuminata, sub- 
insequilateralia, inferiora ovata vel ovato-elliptioa, superiora anguste obovata ; 
inflorescentia laxe paniculata, pedieellis tenuissimis ; sepala acuta. 

A tree, about 5 m. high, the slender twigs and the inflorescence puberulent. 
Leaf-rachis sparingly pubescent, bearing a gland between the lower pair of 
leaflets: leaflets membranous, glabrous, rather abruptly acuminate, slightly 
inequilateral, the lower pair ovate or ovate-elliptic, 8-10 cm. long, the upper pair 
narrowly obovate, somewhat longer than the lower ; inflorescence loosely panic- 
ulate : pedicels very slender, 2-3 cm. long ; sepals ovate, acute, puberulent, 6-7 
mm. long: petals about 12 mm. long (perhaps longer). 

Vicinity of Estrella, Cano Papayal, Lands of Loba, Bolivar, Colombia, April-May, 
1916, E. M. Curran 3}8, type (U.S.). Donama, Magdalena, Oiacometto 50. Magdalena 
Valley, Allen 431. 

13. Chamaefistula oxyphylla (Kunth) G. Don, Gen. Syst. 2: 451. 1832. 

Cassia oxyphylla Kunth, Mim. 129, pi. 39. 1819. 

Type locality : Cocollar, Venezuela. 

Santa Marta, JST . E. Smith 353. Sitio nuevo, Magdalena Valley, Andre 215. 
Venezuela. 

14. Chamaefistula speciosa (Schrad.) G. Don, Gen. Syst. 2 : 451. 1832. 

Cassia speciosa Schrad. Goett. Anz. 1821 : 718. 1821. 

Type locality : Brazil. 

Catjuezd, Cundinamarca, Pennell 1895. Dept. Santander, KilUp & Smith 14919, 
15403, 15415, 16439, 1682S, 19 H 7. Without locality, Mutis 2053, 1099. Brazil. 

15. Chamaefistula subcoriacea Britton & Killip, sp. nov. 

Arbor parva. ramulis sparse strigosis, mox glabratis; rachis strigosa, 
glandula oblonga, obtusa, inter jugum inferius foliolorum ; foliola subcoriacea, 
oblique elliptiea vel ovato-elliptica. dense reticulata, supra laxe appresso- 
pubeseentia vel glabrata, subtus subtomentosa ; inflorescentia subterminalis, 
compacta, pauciflora : sepala elliptiea ; petala suborbicularia. 

A small tree, 3-5 mm. high, the twigs sparingly strigose, soon glabrous. 
Petioles stout, 1-2 cm. long ; rachis short, strigose, only 5-15 mm. long, bearing 
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an oblong blunt gland between the lower leaflets; leaflets subcoriaceous, ob- 
liquely elliptic to ovate-elliptic, finely reticulate-veined, loosely appressed- 
pubescent or glabrate above, subtomentose beneath, the apes acute or obtuse, 
the upper pair 5-8 cm. long; inflorescence borne in the upper axils and sub- 
terminal, compact, few-flowered ; pedicels strigose, 1-2.5 cm. long ; sepals ellip- 
tic, 5 mm. long, rounded ; petals suborbicular, about 13 mm. long ; young legume 
sparingly strigose. 

Open hillside, upper Rio Lebrija Valley, Santander, Colombia, 400-700 m. altitude, 
December 29, 1926, Killip & Smith 16276, type (N.Y.). 

16. Chamaefistula apiculata Britton & Killip, sp. nov. 

Fere nbiqne glabra ; glandulie conicie, obtusa?, inter juga ambo foliolorum ; 
foliola elliptica, chartaeea, obtusa et apiculata, subtus in venis puberula; in- 
florescentia axillaris et terminalis, subracemosa, puberula ; sepala oblonga. 

Branches slender, glabrous. Petiole and rachis glabrous, slender ; glands 
conic, blunt, about 2 nun. long, borne between both pairs of leaflets; leaflets 
elliptic, chartaceous, pale, and puberulent on the veins beneath, glabrous and 
light green above, the apex obtuse, apiculate, the base rounded or obtuse, the 
upper pair 6-9 cm. long, 3-5 cm. wide, the lower pair smaller; inflorescence 
axillary and terminal, subracemose, puberulent, few-several-flowered : pedicels 
very slender, 1-3.5 cm. long ; sepals oblong, rounded, 4-6 mm. long ; petals about 
1.5 cm. long ; anthers 8 mm. long. 

Titiribi, vicinity of Medellin, Colombia, R. 1. Toro *19, type (X.Y.). Without 
locality, Mutis 4725, referred here with hesitation. 

17. Chamaefistula Toroana Britton & Killip, sp. nov. 

Rami minute puberuli ; rachis inter jugum inferius foliolorum glaudulosa ; 
foliola membranacea. ovata vel elliptica vel obovata. supra sparse strigillosa, 
subtus glabrescentia ; inflorescentia racemoso-paniculata, puberula ; sepala 
breviter elliptica vel ovato-elliptica, puberula ; legumen glabrum. 

Branches slender, finely puberulent. Petioles rather stout, sparingly puberu- 
lent, 2-4 cm. long; rachis bearing a small blunt gland about 2 mm. long between 
the lower pair of leaflets; leaflets membranous, various, ovate to elliptic or 
obovate, acutish or obtuse ( or the lower pair acuminate) , dark green and sparing 
strigillose above, light green and glabrous or nearly so beneath, the upper pair 
S-16 cm. long; inflorescence racemose-paniculate, terminal and in the upper 
axils, 8-12 cm. long, its branches and the pedicels puberulent; sepals short- 
elliptic to ovate-elliptic, 3-4 mm. long, puberulent, rounded; petals about 15 
mm. long : legume glabrous, 10-12 cm. long, about 12 mm. thick. 

Fredonia, vicinity of Medellin, Colombia. December 20, 1927, Toro 8JS, type (N.Y.). 
Popay&n, Lehmann 8} 78. 

18. Chamaefistula inaequilatera (Balbis) G. Don, Gen. Svst. 2: 451. 1832. 

Cassia incequilatcra Balbis; DC. Prodr. 2; 490. 1825. 

Type locality : Santa Marta, Colombia. 

Santa Marta, Bertero (photograph of type! ; JOT. H. Smith 7 00. Venezuela. 

19. Chamaefistula tolimensis Britton & Rose, sp. nov. 

Arbor glabra, ramis subflexuosis ; rachidis glandula oblonga, obtusa, inter 
jugum inferius foliolorum ; foliola chartaeea, oblique ovata. acuta vel obtusa ; 
inflorescentia terminalis, laxiflora ; legumen ad basim apicemqne angustatum. 

A glabrous shrub, the slender branches somewhat flexuous. Petiole rather 
stout, 1-2 cm. long ; rachis bearing an oblong obtuse gland between the lower 
pair of leaflets ; leaflets chartaceous, obliquely ovate, acute or obtuse, green on 
both sides but slightly paler beneath than above, 4-9 cm. long; inflorescence 
terminal, loosely several-flowered; pedicels about 2 cm. long, or shorter; petals 
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about 1 cm. long ; legume 2.4 dm. long, S mm. wide, narrowed at base and apex, 
delicately reticulate-veined. 

Edge of forest, Honda, Tolima, Colombia, 300-500 m. altitude, January 3, 4, 1918, 
Pennell 8559 , tjpe tX. Y.). 

20. Chamafistula bolivarensis Britton & Rose, sp. nov. 

Frutex, ramulis flexuosis, puberulis ; rachidis glandula magna, obtusa, inter 
jugum inferius foliolorum ; f oliola ovata vel ovato-lanceolata, cbartacea, acuta 
vel acuminata, supra gJabrata, subtus pubescentia ; panicula terminals, multi- 
flora, floribus dense puberulis ; legumen juvenile dense puberulum, crasse retic- 
ulatum. 

A shrub with zigzag puberulent twigs. Petioles puberulent, 1-2 cm. long ; 
rachis 2-3 cm. long, bearing a large obtuse gland between the lower pair of 
leaflets; leaflets ovate to ovate-lanceolate, chartaceous, acute or acuminate, 
pale on both sides, glabrate above, strongly veined and pubescent beneath, the 
upper pair 7-12 cm. long, the lower pair much smaller ; inflorescence a terminal 
many-flowered panicle ; pedicels pubescent, about 2 cm. long ; sepals and petals 
densely puberulent; petals pale yellow, about 1 cm. long; ovary densely ap- 
pressed-pubescent ; young legume about 30 cm. long and 6 mm. wide, densely 
puberulent, coarsely and irregularly reticulate-veined. 

Tierra Alta, Rio Sind, Bolivar, Colombia, March 7-10, 1918, Pennell 4666, type 
(N.Y.), 

21. Chamaefistula bacillaris (L. f.) G. Don, Gen. Syst. 2 : 241. 1832. 

Cassia bacillaris L.f. Suppl. 231. 1781. 

Cassia puberula HJBJK. Nov. Gen. & Sp. 6: 341. 1824. 

Chamcefistula 'puberula G. Don, Gen. Syst. 2 : 441. 1832. 

Cassia carthaginensis Willd.; Steud. Nom. ed. 2, 304. 1840. 

Type locality : Surinam. 

Frequent in Colombia. Venezuela, Trinidad and Tobago to Surinam and Brazil: 
Panama ; Costa Rica ; St. Vincent ; Puerto Rico. 

22. Chamaefistula micradenia Britton & Kill i p, sp. nov. 

Frutex glaber : rachidis glandula globosa, parva, inter jugum inferius folio- 
lorum; f oliola ovata, subchartacea, obtuse acuminata, subsequilateralia ; 
legumen brevistipitatum, obtusum, in medio depressum. 

A glabrous shrub with slender twigs. Leaf rachis 6-8 cm. long, bearing a 
globose gland only 2 mm. in diameter between the lower pair of leaflets ; leaflets 
ovate, subchartaceous, gradually bluntly acuminate, pinnately few-veined and 
rather densely reticulated, 7-10 cm. long, nearly equilateral ; inflorescence not 
seen ; fruiting pedicels about 4.5 cm. long, rather stout ; legume about 20 cm. 
long, and 15 mm. broad, short-stipitate, blunt, with a narrow, depressed median 
area. 

, IP T ir Shfla> Libano, Tolima, Colombia, 1200-1500 m. altitude, Decem- 

ber 22, 1917, Pennell 3278, type (N.Y.). 

Although annotated by the collector as having pale sulphur-yellow petals, 
no flowers accompany the specimen. 

22. ADIPERA Raf. Sylva Tell. 129. 1838. 

Type species: Cassia Herbertiana Iindl. 

Key to Species op Adxpera 

Glabrous, or very nearly so throughout. 

Leaflets long-acuminate . . 

Leaflets rounded or obtuse 


1. A. tevigata. 

2. A. bicapmlaris . 
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Branches and inflorescence more or less densely 
pubescent, or velutinous. 

Leaflets obovate, rounded; three of the anthers 
long-beaked. 

A shrub; petals 10-12 mm. long; leaf-gland 

cylindric, or clavate 3. A. indecora. 

A tree ; petals much larger ; leaf-gland 

subglobose 4. A. arborea. 

Leaflets oblong or lanceolate. 

Leaflets oblong, obtuse or acute .*>. A. tomentosa . 

Leaflets lanceolate, acuminate.... 6 . A. santanderensis. 


1. Adipera laevigata (Willd.) Britton & Rose; Britton & Wilson, Sci. Surv. 

Porto Rico & Virgin Ids. 5: 371. 1924. 

Cassia laevigata Willd. Enum. 441. 1809. 

Type locality : Not cited. 

Medellin, Toro 561. Villavicencio, Meta, Triana %3 79. Guiana (according to Ben- 
tham) ; Sinaloa to Guatemala ; Cuba ; Puerto EIco ; Jamaica. Old World tropics. 

2. Adipera bicapsularis (L.) Britton & Rose; Britton & Wilson, Sci. Surv. Porto 

Rico <fc Virgin Ids. 5 : 370. 1924. 

Cassia bicapsularis L. Sp. PI. 376. 1753. 

Cassia pendula Willd. Enum. 440. 1809. 

Type locality: India. 

Frequent in Colombia. Tropical and subtropical America, north to Bermuda, 
Florida and Sinaloa. Old World tropics. Platanito, boaibito, bicho, coaiida db 

MUHClflLAGO, COIJOL. 

3. Adipera indecora (HB.K.) Britton & Rose, N. Am. Flora 23 : 239. 1930. 

Cassia indecora H. B. K Nov. Gen. & Sp. 6 : 344. 1824. 

Type locality : Caracas, Venezuela. 

Frequent, or occasional, In Colombia. Brazil to Trinidad ; Panama and Tepic ; 
Cuba; Hispaniola. Canary Islands. Alcaparro. 

4. Adipera arborea Britton & Killip, sp. nov. 

Arbor dense et breviter pubescens ; foliola 3-4-juga, oblongo-obovata, mem- 
branacea, rotundata, supra glabra, subtus dense strigosa, glandula subglobosa ; 
racemi terminales et axillares ; sepala obtusa, laxe strigosa ; petala obovata. 

A tree, 4r-C m. high, the branches, petioles, rachis and inflorescence densely 
short-pubescent. Petioles 1-3 cm. long ; rachis bearing a subglobose gland be- 
tween the lowest pair of leaflets; leaflets 3 or 4 pairs, oblong-ohovate, mem- 
branous, distantly pinnately veined, rounded, dark green and glabrous above, 
densely strigose beneath, the upper pairs 2.S-3.5 cm. long, the lower smaller ; 
racemes terminal and axillary, several-flowered, on stout peduncles 10 cm. long, 
or shorter ; pedicels 1-1.5 cm. long ; sepals obtuse, loosely strigose, about 12 mm. 
long; petals obovate, glabrous, bright yellow, 15-18 mm. long; three of the 
anthers long-beaked. 

Mesa de los Santos, 1500 m. altitude, Santander, Colombia, December 12, 1926, 
KilUp d timith 15160, type (N.Y.). 


5. Adipera tomentosa (L. f .) Britton <fc Rose, N. Am. Flora 23 : 241. 1930. 
Cassia tomentosa L. f. Suppl. 231. 1781. 

Type locality : South America. 

Frequent in Colombia. Argentina and Chile to Bolivia and Ecuador ; Guatemala to 
Hidalgo, Mexico. Alcaparro. 
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6. Adipera santanderensis Britton & Killip, sp. nov. 

Frutex dense flavo-pubescens ; racMdis glandula subcylindrica, acuta, inter 
jugum inferius foliolorum; foliola 4-5-juga, lanceolata, acuta vel breviter 
acuminata, supra glabra, subtus laxe pubescentia ; iiores racemosi, axillares et 
terminales : sepala subelliptica, obtusa vel rotunda ta ; petala obovata ; stamina 
7 ; staminodia 3 ; legumen lineare, planum, sparse pubescens. 

A shrub, 3-4 m. bigb, the branches. petioles, racbis and inflorescence densely 
yellowish-pubescent. Petioles 1.5-2 cm. long; rachis bearing a subcylindric 
pointed gland about 2 mm. long between the lower pair of leaflets ; leaflets 4 or 5 
pairs, lanceolate, acute or short-acuminate, 3-45 cm. long, glabrous above, 
loosely pubescent beneath, the base rounded; flowers racemose, axillary and 
terminal; peduncle stout, 5-7 cm. long; pedicels slender, 1-2 cm. long; sepals 
nearly elliptic, obtuse or rounded, 9-13 mm. long ; petals obovate, yellow, deli- 
cately veined, about 15 mm. long; stamens 7. the longer anthers about 9 mm. 
long; staminodes 3: ovary densely yellowish-strigose ; legume linear, flat, 
sparingly pubescent, about 7 cm. long and S mm. wide. 

Santander and Norte de Santander, Colombia. Type from clearing, Rfo Suratd 
Valley, above Suratfi, Santander, at 2000 to 2300 m. elevation, January 6, 1927, Killip 
& Smith 16691, type (N.Y.). Santander, Killip <£ Smith 16101, 168S6, 18397, 19 22i s 
19518. Tapatfi-, Norte de Santander, Killip & Smith 2 0^95. 

23. EM ELISTA Raf. Sylva Tell. 127. 1838. 

Type species : Cassia obtusifolia L. 

Key to Species of Emeusta 


Glabrous, or nearly so, throughout 1 . E. Tora. 

Stems, petioles and legumes long-pilose 2. E. pilifera. 


1. Emelista Tora (L.l Britton & Rose; Britton & Wilson, Sci. Surv. Porto Rico 

& Virgin Ids. 5: 371. 1924. 

Cassia Tora L. Sp. PI. 376. 1753. 

Cassia obtusifolia L. Sp. PI. 377. 1753. 

Type locality : India. 

Common in Colombia. Nearly cosmopolitan in tropical and warm-temperate regions, 
in America ranging north to Pennsylvania and Missouri. Bicho, chilixchile. 

2. Emelista pilifera (Vogel) Pittier, Joum. Wash. Acad. Sci. 19: 176. 1929. 

Cassia pilijera Vogel, Syn. Cass. 23. 1S37. 

Type locality : Brazil. 

Ocaiia, Norte de Santander, Schlim 268. Bolivia to Brazil and Argentina: Panama 
to Veracruz and Durango ; Cuba. 

24. HERPETICA Raf. Sylva Tell. 123. 1838. 

Type species: Cassia alata L. 

1. Herpetica alata (L.) Raf. Sylva Tell. 123. 1838. 

Cassia alata L. Sp. Pi. 378. 1753. 

Tyne locality : South America. 

Medellin, Toro 422. Quibdu, El Chocd, Archer 1754, 1818. Timbiqul, El Cauca, 
Lehmann B.T.372. Huila, JRusly <& Pennell 218. Venezuela to French Guiana, Bolivia 
and Paraguay ; Panama to Guerrero ; West Indies (except Bahamas). Old World tropics. 

MARTIXGALBE, BAJAGUA, LUCCTEilA, MAJAGUILLO, MOCUTENO, YERBA DE PLATA. 

25. CHAM2BSENNA Raf.; Pittier, Arb. & Arb. Legum. 130. 1928. 

Type species : Cassia reticulata Willd. 

Key to Species of Cham.esenxa 

Tpper leaflets obovate 1. C. reticulata . 

Leaflets all oblong or lanceolate. 
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Leaflets oblong, rounded or obtuse. 

Leaves and twigs glabrous ; inflorescence 

sparingly pubescent 2. C. colomWana . 

Leaflets floccose-pubescent beneath ; twigs 

and inflorescence densely pubescent 3. G. pistuckcfolia. 

Leaflets lanceolate, acuminate ; twigs and inflores- 
cence velvety-pilose 4. C. vclutina. 


1. Chamaesenna reticulata (Willd.) Pittier, Arb. & Arb. Legum. 130. 1928. 

Cassia reticulata Willd. Enum. 443. 1809. 

Cassia strobilacea H. B. K. Nov. Gen. & Sp. 6 : 347. 1824. 

Type locality : Parft, Brazil. 

Frequent in Colombia. Brazil to Bolivia, Trinidad and Ecuador ; Panama to Guate- 
mala. Doroncel, doraxcC. 

2. Chamaesenna colombiana Britton & Killip, sp. nov. 

Arbor glabra, racemis exceptis; foliola 4-6-juga, oblongo-elliptica, cliar- 
tacea, ambitu obtusa vel rotundata; racemi axillares, foliis multo longiores; 
sepala oblique elliptica vel obovata, ciliata; petala obovata; stamina 7-S; 
legumen late lineare, transverse rugosum. 

A tree with glabrous twigs and leaves, the racemes loosely pubescent. 
Periole and leaf-rachis 10-16 cm. long ; leaflets 4-6 pairs, oblong-elliptic, char- 
taceous, 5-9 cm. long, obtuse, or rounded at both ends, loosely reticulate-veined, 
faintly shining above, dull beneath; racemes axillary, much longer than the 
leaves, several-many-flowered ; pedicels slender, 10-15 mm. long ; bractlets 4r-6 
mm. long, fugacious; sepals obliquely elliptic to obovate, rounded, parallel- 
veined, ciliate, 10-12 mm. long ; petals yellow, obovate, rounded, strongly veined, 
a little longer than the sepals ; stamens 7 or 8, the 2 larger ones with anthers 
about 7 mm. long, the others with anthers about one-half as long : style strongly 
curved; legume broadly linear, thin, flat, glabrous, narrowed at base, 7-9 cm. 
long, 15-18 mm. wide, transversely ridged, its narrow margins slightly thickened. 

Vicinity of Medellin, Colombia. Type from Boquerdn, January 5, 1928. Toro 866 , 
tyi>e (N.Y.) Cucaracho, Antioquia, December 25, 1927, Toro 839. Antioquia, Jcrvise; 
Triana. 

3. Chamaesenna pistaciaefolia (H3K.) Britton. 

Cassia pistadcejolia H. B. K. Nov. Gen. & Sp. 6; 349. 1824. 

Type locality : Between Popayfin and Meneses. Colombia. 

Popayfin, Lehmann 77 93, 8539 . Purac£, El Cauca, Pennell Killip Bogota, 

Quatrecasas 3165. Endemic. 

4. Chamaesenna velutina Britton & Killip, sp. nov. 

(See Plate II.) 

Arbor, ramulis petiolis rachidibusque velutinis ; petioli eglandulosi ; foliola 
4r-6-juga, late lanceolata, acuminata, subchartacea, supra glabrata. subtus 
pubescentia; racemi laxiflori; sepala elliptico-obovata ; petala late obovata; 
stamina 7-8 ; legumen late lineare, glabrum. 

A tree, 3-4 m. high, branched above, the trunk about 1 dm. in diameter, the 
twigs, petioles and leaf-rachis densely velvety-pilose. Stipules triangular- 
lanceolate, acuminate, pubescent, 1.5-2 cm. long; petioles stout, eglandular, 
5 or 6 cm. long ; leaflets 4-6 pairs, broadly lanceolate, acuminate, subchartaceous, 
pinnately veined, 7-12 cm. long, 3-4 cm. wide, nearly glabrous above, pubescent 
beneath ; peduncles stout, sparingly pubescent, about 15 cm. long : raceme loosely 
several-flowered, about 10 cm. long, the rachis sparingly pubescent; pedicels 
slender, glalJrate, 1-2 cm. long ; sepals elliptic-obovate, glabrous, striate-veined, 
obtuse, 12-18 cm. long ; petals broadly obovate, yellow, strongly color-veined, a 
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little longer than the sepals ; stamens 7 or S, the anthers of the 3 larger ones 
curved, 17-20 mm. long : legume broadly linear, glabrous, flat, irregularly, trans- 
versely reticulate-veined, about 11 cm. long and 2 cm. wide, the seeds not 
elevated. 

Plaza, Mutiscua, Norte de Santander, Colombia, 2000 m. altitude, February 20, 1927, 
KiUip d 8mit7i 19655, type (N.Y.). Bogota, Popenoe 11)). 

26. SCIACASSIA Britton; Britton & Bose, N. Am. Flora 23: 252. 1930. 
Type species: Cassia siamea Lam. 

1. Sciacassia siamea (Lam.) Britton; Britton & Rose, N. Am. Flora 23 : 252. 
1930. 

Cassia siamea Lam. Encycl. 1 : 648. 1785. 

Cassia florida Vahl, Symb. 3 : 57. 1794. 

Type locality : Siam. 

Vicinity of Cartagena, Ilcrlberto 1S9. Widely planted for shade in tropical Amer- 
ica. Native of the East Indies. 

27. DITREMEXA Raf. Sylva Tell. 127. 1838. 

Type species : Cassia occidental is L. 

Key to Species of Ditremexa 

Legume very narrow, 10-30 cm. long, 3-5 mm. wide, 

pubescent or glabrate ; seeds oblique 1. D. leptocarpa. 

Legume shorter, wider ; seeds transverse. 

Legume densely hirsute, 5-7 mm. wide 2. D. hirsuta. 

Legume glabrous or sparingly pubescent. 


Legume flat, somewhat curved 3. D. occidmtalis. 

Legume turgid, straight 4. D. Sophera. 


1. Ditremexa leptocarpa (Benth.) Britton & Rose, N. Am. Flora 23 : 256. 1930. 

Cassia leptocarpa Benth. Linnaea 22 : 528. 1849. 

Type locality : Zapativa, Brazil. 

Popay&n, Lehmann 5511 , 536 ). Cisneros, El Valle, Killlp 5369. Vicinity of Medellin, 
Toro 7, 48, 70, 671. Without locality, Triana 454 . Venezuela to Brazil and Paraguay; 
El Salvador to Tepic and Veracruz ; Cuba. 

2. ‘Ditremexa hirsuta (L.) Britton & Rose; Britton & Wilson, Sci. Surv. Porto 

Rico & Virgin Ids. 5 : 372. 1924. 

Cassia hirsuta L. Sp. PI. 378. 1753. 

Type locality : America. 

Pusagasuga, Cundinamarca, Andre 1)79. Tolima, Pennell 33)6. Trinidad to 
Surinam, Ecuador and Argentina ; El Salvador ; Jamaica ; Puerto Rico ; Lesser Antilles. 

3. Ditremexa occidentalis (L.) Britton & Rose; Britton & Wilson, Sci. Surv. 

Porto Rico & Virgin Ids. 5 : 372. 1924. 

Cassia occidentalis L. Sp. PI. 377. 1753. 

Type locality : Jamaica. 

Common in Colombia. Tropical and temperate America, north to Virginia and 
Texas. Old World tropics. Chilin chile, brusca, potra, gallinazo, bicho dh cafC, 
Bicno LARGO. 

4. Ditremexa Sophera (L.) Britton & Rose; Britton & Wilson. Sci. Surv. Porto 

Rico & Virgin Ids. 5 : 372. 1924. 

Cassia Sophera L. Sp. PI. 379. 1753. 

Type locality : India. 

Medellin, Toro 84 . Venezuela; Curasao; Panama; Veracruz; West Indies. Old 
World tropics. 
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28. PEIRANISIA Raf. Sylva Tell. 127. 1838. 

Type species: Cassia aversiflora Hook. 

Key to Species of Peiranisia 

Leaflets 30-50 pairs ; branches long-pilose and pubes- 
cent 1. P. Mutisiana . 

Leaflets 3-7 pairs. 

Leaflets densely pubescent beneath. 

A gland borne between most of the pairs of 

leaflets 2. P. santandcrcnsis . 

A gland borne between 1 or 2 of the lower 

pairs of leaflets 3. P.velutina. 

Leaflets glabrous or sparingly pubescent. 

Leaflets obtuse or mucronate 4. P. Vi flora. 

Leaflets abruptly awned 5. P. aristulata . 

1. Peiranisia Mutisiana (Kunth) Pittier, Arb. & Arb. Legum. 128. 1928. 

Cassia Mutisiana Kunth, Mim. 142, pi. J f 3. 1819. 

Type locality : New Grenada. 

Santander, Killip de Smith 16100, 19101. Norte de Santander, Killip <& Smith 1980 7. 
Cundinamarca, Triana 4103; Rush!/ <£• Pennell 850; Ptrez 2535. Quindlo Trail, Tolima, 
Killip de Hazcn 9631. Without locality, Mvtis 239 1 , 4 2 14 (co-type). Venezuela. 

2. Peiranisia santanderensis Britton & Killip, sp. nov. 

Frutex vel arbor parva, ramulis dense et breviter pubescentibus ; foliola 
4-7-juga, oblonga, obtusa vel acuta, membranacea, supra laxe et breviter pube- 
scentia, subtus dense pilosa, glandulis oblongo-subclavatis, inter juga plurima 
foliolorum ; racemi pilosi ; sepala suborbiculata. 

A shrub or small tree 3-5 m. high, the twigs rather densely short-pubescent. 
Leaflets 4-7 pairs, membranous, oblong, obtuse or acute, mucronulate, loosely 
short-pubescent above, densely appressed-pilose beneath, the upper ones 2.5-4 
cm. long, the lower ones shorter ; glands oblong-subclavate, 1-1.5 mm. long, borne 
between most of the pairs of leaflets; racemes few-several-flowered, pilose; 
pedicels 2 cm. long, or shorter; sepals suborbicular, 3-5 mm. long, sparingly 
pubescent below ; petals 1.5-2 cm. long ; three of the anthers long-beaked ; young 
legume about 10 cm. long and 2.5 mm. wide, sparingly appressed-pubescent. 

Open hillside, between Pamplonita and Chin&cota, Rio Pamplonita Valley, Norte de 
Santander, Colombia, 1300-1800 m. altitude, March 17, 1927, Killip de Smith 20750, 
type (N.Y.). Ocaila, Schlim 2 , referred by Bentham to the Cuban species Cassia 
robiniafolia (Benth.). 

3. Peiranisia velutina Britton & Killip, sp. nov. 

Frutex, ramulis inflorescentiaque dense vel laxe pilosis ; foliola 4-7-juga, 
membranacea, oblonga, elliptica vel (suprema) oblanceolata, supra brevipu- 
bescentia, subtus dense appresso-pilosa, glandula clavata, inter jugum inferius ; 
racemi pauciflori, pedunculis 1-2-floris; sepala elliptica vel suborbiculata; 
legumen anguste lineare, appresso-pubescens. 

A shrub about 3 m. high, the twigs and inflorescence densely or loosely 
short-pilose, the twigs slender. Leaflets 4-7 pairs, membranous, oblong, elliptic, 
or the upper pair oblanceolate, rounded or obtuse, 1-2.5 cm. long, short-pubes- 
cent above, densely appressed-pilose beneath; gland clavate, slender, about 2 
cm. long, borne between the lowest pair of leaflets; racemes few-flowered; 
pedicels densely pilose ; peduncles l-or-2-flowered ; sepals elliptic to suborbicu- 
lar, glabrate, 5-7 mm. long ; petals 1.5-1.8 cm. long ; two or three of the anthers 
long-beaked; legume narrowly linear, appressed-pubescent, S-14 cm. long, 
3.5-5 mm. wide, its stipe about 6 mm. long. 

Patfa Valley, Nariflo, Colombia, 200-500 m. altitude, Lehmann B.T.S22, type 
(N.Y.) ; Lehmann 77 92; Lehmann B,T.827. 
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4. Peiranisia bifiora (L.) Pittier, Arb. & Arb. Legum. 12S. 1928. 

Cassia bifiora L. Sp. PI. 378. 1753. 

Cassia pallida Yahl, Eclog. 3 : 12. 1807. 

Type locality : Unknown : species described from a cultivated plant. 

Frequent at lower altitudes in northern Colombia. Venezuela: Grenada; Cuba; 
Bahamas ; Costa Rica to Sinaloa and Chihuahua. Bombito, bicho, escovito. 

5. Peiranisia aristulata Britton & Killip, sp. nov. 

Fere ubique glabra ; rachidis glandula tenuis, inter jugum infimum folio- 
lorum ; foliola O-lO-juga, oblonga vel (suprema) angusto obovata, membranacea, 
obtusa. aristulata; inflorescentia racemoso-paniculata, appresso-pubeseens ; 
flores parvi ; sepala suborbiculata, ciliolata. 

Twigs slender, glabrous, elongated; leaves rather distant, about 10 cm. 
long, or shorter, the petiole about 2 cm. long, the slender rachis sparingly ap- 
pressed-pubescent, bearing a slender gland 2-3 mm. long between the lowest 
pair of leaflets ; leaflets 6-10 pairs, oblong ( or the upper ones narrowly obovate), 
membranous, glabrous, dull, 1.5-2 cm. long, 3-6 mm. wide, delicately pinnately 
few-veined, the obtuse base slightly oblique, the apex obtuse, with the midvein 
produced into a filiform bristle about 1 mm. long; inflorescence racemose- 
paniculate. appressed-pubescent, in bud about 5 cm. long, or shorter, its branches 
about 2.5 cm. long, or shorter, bearing few, nearly sessile, small flowers ; bract- 
lets linear to nearly filiform, longer than the young calyx ; sepals suborbicular, 
eiliulate. 

Villavicencio, Meta. Colombia, December, 192S, ApoUhiaire Marie , type (Herb. Insti- 
tute de la Salle, Bogota). 


Peiranisia r iciafolia (Benth.) Fittier {Cassia viciwfolia Benth.l was er- 
roneously reported from Colombia by Bentbam, on the basis of Fendler speci- 
mens actually collected in Venezuela. Micheli, however, refers to it Andre’s 
2744bis. from the Cauca Valley, a specimen we have not seen. 

29. ISANDRINA Raf. Sylva Tell. 126. 1838. 

Type species: Cassia emarginata L. 

1. Isandrina emarginata (L.) Britton & Rose; Britton & Wilson, Sci. Surv. Porto 
Rico & Virgin Ids. 5 : 374. 1924. 

Cassia emarginata L. Sp. PI. 376. 1753. 

Type locality : Caribbean Islands. 

Frequent in northern Colombia, at lower elevations. Venezuela ; Ecuador ; Greater 
Antilles ; Guadeloupe ; Costa Rica to Sonora and Tamaulipas. Chihueto, cjeiivato, ca- 
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30. CHAM2ECRISTA Moeneh, Meth. 272. 1794. 
Type species: Cassia Clumwcrista L. 

Key to Species of Cham.ecbista 


A. Sepals rigid, delicately many-nerved ; leaflets 1 or 
2 pairs. (Uxiflob.e) 

Leaflets 1 pair 

Leaflets 2 pairs. 

Leaflets obovate : legume appressed-pubescent. . . . 
Leaflets oblong, linear, or oblanceolate. 

Leaflets oblong to oblanceolate. * 

Leaflets S-12 mm. long; legume glabrous, or 

nearly so, narrow ; 

Leaflets 12-20 mm. long; legume* pubescent, 
broad 


1. C . cuitrifolia . 

2. C . tetraphylla . 


3. C. Persoonii . 

4. C. pulcJira. 
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Leaflets linear 5. C. Lthmannii. 

B. Sepals not rigid, not delicately many-nerved. 

Midvein of the leaflets marginal, f Tristiculje ) .. G. C. tristicula. 
Midvein of tlie leaflets snbcentral or excentric. 

1. Prostrate or ascending, slender herbs. 


Legume short, 1-4-seeded ; leaflets 2 or 3 pairs, 
obcuneate. (Tageb^e) 

Flowers filiform-peduncled ; legume oblong. 7. C. Tagera. 
Flowers short-peduncled ; legume linear.... S. C. Schlimii. 
Legume linear, several-seeded. 

Leaflets 1 pair, broadly obovate ; flowers 
filiform-peduncled. ( RoTUXDiFOLiiE ) 

Leaflets 1-2 cm. long; legume 2-3 cm. long. 9. C. rot until. folia. 
Leaflets 3-4 cm. long; legume 4-6 cm. long. 10. C . bauhinUcfolia. 
Leaflets 3-20 pairs, linear to oblong. 

Branches long-pilose; petiole eglandular; 

flowers filiform-peduncled. (Filosje) 11. C. pilosa. 
Branches puberulent or glabrate; petiole 
glandulif erous. ( Seepextjes ) 

Petiolar gland slender, long-stalked. 

Leaflets 4-9 pairs, linear-oblong. 

Stipules narrowly lanceolate 12. C. serpens. 

Stipules broadly ovate, cordate.... 13. 0 . supplex. 
Leaflets 8-20 pairs, narrowly linear. 14. C. trirJiopotia . 

Petiolar gland sessile 15. C. PainelliL 

2. Shrubs or perennial herbs, mostly erect. 

Leaflets 15-50 pairs; stem flexuous. (Flex- 

tjos.'e) 1G. C . fiexuosn. 

Leaflets fewer ; stems not flexuous. 

a. Leaflets membranous, linear to linear- 

oblong, narrow; low shrubs. (Patel- 

LARIiE) 

♦Petiolar gland sessile, flat or concave. 

Petiolar gland oblong, 2.5 mm. long. ... 17. C. Brownian a. 
Petiolar gland orbicular, much smaller. 

Leaflets 5-S mm. long, glabrous IS. C . simplex. 

Leaflets 8-15 mm. long, pubescent.... 19. C. patcilaria. 
♦♦Petiolar gland stalked. 

Stem pilose-pubescent. 

Leaves pilose 20. C. flavicoma. 

Leaves glabrous 21. C. stenocarpa. 

Stem appressed-pube scent or puberulent. 22. C. rlparia. 

b. Leaflets ehartaceous, broader. 

Leaflets closely many-veined. (Lineat.e) 23. C. Andrea net. 
Leaflets not closely veined; shrub 3-4 m. 

high. (Arbobescextes) 24. C. arborescais . 

1. Chamaecrista cultrifolia (H. B. K.) Britton & Rose. 

Cassia cultrifolia H. B. K. Nov. Gen. & Sp. 6 : 363. 1824. 

Type locality : Orinoco River. 

Colombia, Hut Is $2 77. Venezuela ; Brazil. 

2. Chamaecrista tetraphylla (Desv.) Britton & Rose. 

Cassia tetraphylla Desv. Joum. Bot. 3 : 72. 1814. Not Collad. 1S16. 
Cassia Desvauxii Collad. Hist. Cass. 131. 1816. 

Type locality: Tropical America. 

Colombia, Burke 2 99; BruckmiiUer. British Guiana ; Brazil. 
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3. Chamaecrista Persoonii (Collad.) Greene, Pittonia 4 : 31. 1899. 

Cassia ur&flora Spreng. Neue Entd. 1 : 291. 1820. Not Mill., 1768, 

Cassia Persoonii Collad. Hist. Cass. 119. 1816. 

Type locality : Cayenne. _ . « . „ „ 

Colombia (according to Bentham). Venezuela to French Guiana and Brazil. 

4. Chamaecrista pulchra (H. B, K.) Britton & Bose. 

Cassia pulchra H. B. K. Nov. Gen. & Sp. 6 : 362. 1824. 

Type locality : Near San Carlos on the Rio Negro. Venezuela. 

Santander, Ktlltp A Smith 15089, 1512 7, 193^5. Brazil; Honduras. 


5. Chamaecrista Lehmannii Britton & Bose, sp. nov. 

Frutex ramosissimus, ramulis dense pnberulis ; stipulse ovatse, plurinerviae ; 
petiolorum glandula sessilis, orbiculata, subplana ; foliola 2-juga. linearia, mul- 
tinervia, glabra, ciliolata, obtusa ; pedunculi solitarii ; sepala laneeolata, multi- 
nervia; petala obovata: stamina 10. 

A much-branched, densely leafy shrub, at least 3 dm. high, the slender 
twigs densely puberulent. Stipules ovate, cordate, acute, 5-7 mm. long, many- 
nerved; petioles about 5 mm. long, bearing a small, sessile, orbicular, nearly 
flat gland just below the lower pair of leaflets; rachis very short, subulate- 
tipped; leaflets 2 pairs, approximate, linear, 1.5-2 cm. long, many-veined, 
glabrous but ciliolate, the apex obtuse; peduncles solitary, slender, 1.5-2 cm. 
long, pilose ; bracts at the base of the calyx broadly ovate to orbicular, many- 
nerved; sepals lanceolate, acuminate, many-nerved, 10-12 mm. long; petals 
obovate, about as long as the sepals, or shorter ; stamens 10. 

Gungua, Huila, Colombia, Lehmann B.T.1095, type (N.Y.). 

6. Chamaecrista tristicula (H. B. K.) Britton & Bose. 

Cassia tristicula H. B. K. Nov. Gen. & Sp. 6 : 367. 1824. 

Type locality: Fusagasugi, Colombia. 

Cundiuamarca, Pennell 1328, 1869 ; EumVoldt <6 Bonpland (type). Without locality, 
Mutis 2 S88. 


7. Chamaecrista Tagera (L.) Standley, Contr. U. S. Nat. Herb. 18: 104. 1914. 


Cassia Tagera L. Sp. PL 376. 1753. 

Type locality: India (presumably in error). 

Colombia (according to Bentham) ; Guiana (according to Bentham); Brazil; 
Panama to Veracruz. 


8. Chamaecrista Schlimii (Benth.) Britton & Bose. 

Cassia Scklmii Benth. Trans. Linn. Soc. 27 : 571. 1871. 


Type locality, Ocaila, Colombia. 

OcaSa, Norte de Santander, Schlim 281. 
Hondo, Magdalena, Allen 20}. Endemic. 


Since, Bolivar, Pennell 1009. RincOn 


9. Chamaecrista rotundifolia (Pers.) Greene, Pittonia 3: 41. 1899. 
Cassia rotundifolia Pers. Syn. 1 : 456. 1S05. 


Type locality : South America. 

Villavicenclo, Meta, Apollinaire Marie. San Martin, Meta, Shaio. 
Gulanas, Bolivia and Brazil ; Costa Rica to Sinaloa ; Cuba. 


Venezuela to the 


10. Chamaecrista bauhimaefolia (Kunth) Britton & Bose. 


Cassia baukimcefolia Kunth, Mim. 123, pi. 87. 1819. 

Cassia rotundifolia bauhinicejolia Benth, in Mart. FI. Bras. 15 2 : 162. 1870. 


Tjpe locality : Rio Orinoco, near Carichana. 

Tqlima, Lehmann 2S7S (cited by Micheli as Cassia rotundifolia var. arandWora ). 
8479, B.T.1057, B.T.111S, Without locality, Mutis 2843, 2358, 1282. 9 * * 
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11. Chamaecrista pilosa (L.) Greene, Pittonia 4: 28. 1899. 

Cassia pilosa L. Syst. Nat. ed. 10, 1017. 1759. 

Type locality : Not given. 

Santa Marta. E. U . Smith 276. Sabanilla, Atlantlco, Pennell 12071. Bavranquilla, 
Ellas 298, 787. Venezuela; Trinidad; Guatemala; Jamaica; Cuba. 

12. Chamaecrista serpens (L.) Greene, Pittonia 4; 29. 1899. 

Cassia serpens L. Syst. Nat. ed. 10, 1018. 1759. 

Cassia prostrata H. & B. ; Willd. Enum. 441. 1S09. 

Tvpe locality : Not given. 

Santa Marta, E. E. Smith, 67. Sabanilla, Atldntico. Pennell 12072. Melgar, Cun- 
dinamarca, Pennell 2886. Medellin, Archer 790, 825. Dagtia, El Valle, Pennell 5661. 
Venezuela to Brazil and Paraguay ; Guatemala ; Jamaica ; Cuba. 


13. Chamaecrista supplex (Mart.) Britton & Rose. 

Cassia supplex Mart.; Benth. in Mart. FI. Bras. 15 2 : 163. 1870. 

Type locality : Pernambuco, Brazil. 

Santa Marta, H. E. Smith 66. Brazil. 

14. Chamaecrista trichop oda (Benth.) Britton & Rose. 

Cassia trichopoda Benth. in Mart. FI. Bras. 15 2 : 163, 1870. 

Type locality : Brazil. 

Santa Marta, E. E. Smith 709. Venezuela (according to Bentliami ; Bolivia and 
Brazil. 

15. Chamaecrista Pennellii Britton & Rose, sp. nov. 

Subherbacea, ramulis pilosis ; stipulre linear-lanceolatae, longe acuminatse ; 
petioli pilosi, glandnla sessile; foliola 4-7-juga, valde multivenia, oblonga vel 
oblongo-oblanceolata, obtusa vel rotundata, supra glabra, longiciliata, subtus in 
costa sparse pilosa. costa excentrica ; bracteae 2, lanceolate ; sepala lanceolata, 
sparse pilosa ; petala obovata ; stamina 10 ; legumen laxe pilosum. 

Subberbaceous, low, about 2 dm. high or less, the twigs slender, pilose. 
Stipules linear-lanceolate, long-acuminate, 8 mm. long, sparingly long-ciliate: 
petioles 4-6 mm. long, pilose, the gland small, depressed, sessile ; rachis loosely 
pilose, subulate-tipped; leaflets 4-7 pairs, strongly many-veined, oblong or 
oblong-oblanceolate, 5-10 mm. long, 2-3 mm. wide, glabrous and shining above, 
long-ciliate, sparingly pilose on the under side of the midvein, rounded or ob- 
tuse, abruptly subulate-tipped, the base subtruncate, the midvein excentric: 
peduncles slender, 2-8 cm. long, bearing 2 lanceolate bracts about 3 mm. long 
above the middle ; sepals lanceolate, acuminate, sparingly pilose, about 13 mm. 
long ; petals about 15 mm. long, obovate ; stamens 10 ; legume linear, about 5 
cm. long and 4 mm. wide, loosely pilose. 

Open loam between Fusagasugfl. and Fandi, Cundinamarea, Colombia, November 30, 
1917, Pennell 27 49, type (U.S.). Fusagasugd, Tracey 39 7. 

16. Chamaecrista flexuosa (L.) Greene, Pittonia 4 : 27. 1899. 

Cassia flexuosa L. Sp. PI. 379. 1753. 

Cassia arenaria H. B. K. Nov. Gen. & Sp. 6 : 370. 1824. 

Type locality, Brazil. 

Rincdn Hondo, Magdalena, Allen 206. Venezuela to British Guiana, Bolivia and 
Brazil ; Panama to Oaxaca ; Cuba. 

17. Chamaecrista Browniana Britton & Rose, N. Am. Flora 23 : 293. 1930. 

Type locality : Between QuetaraS and Susumnco, Colombia. 

Between Quetamd and Susumuco, Cundinamarea, Pennell 1351 (type). Bolivia; El 
Salvador. 
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18. Chamaecrista simplex Srandley, Contr. U. S. Xat. Herb. 18: 103. 1916. 

Type locality : Near Chepo, Panama. 

Frequent at middle altitudes in northern Colombia. Panama. 

19. Chamaecrista patellaria (DC.) Greene, Pittonia 4 : 32. 1899. 

Cassia patellaria DC.: Collad. Hist. Cass. 125. 1S16. 

Type locality : Cayenne. „ , «... 

Frequent in Colombia. Venezuela, Tobago and Trinidad to French Guiana, Bolivia 
and Brazil ; Panama to Veracruz ; Greater Antilles. 

20. Chamaecrista flavicoma (H. B. K.) Greene, Pittonia 3: 242. 1891. 

Cassia flavicoma H. B. K. Nov. Gen. & Sp. 6 : 366. 1824. 

Type locality : Orinoco River. 

Frequent at middle altitudes in Colombia. Venezuela. 

21. Chamaecrista stenocarpa (Vogel) Standby, Contr. U. S. Nat. Herb. 18: 104. 

1916. 

Cassia stenocarpa Vogel, Syn. Cass. 6S. 1S37. 

Type locality: Brazil. 

Santa Marta, H. H. Smith 275, 2537. Turbaco, Bolivar, Eillip & Smith 1W2; 
Herilerto JI7. Without locality, 1 tuti* 2370. Ecuador; Venezuela; Brazil; Panama 
to Veracruz and Guerrero ; Jamaica ; Cuba ; Curacao. 

22. Chamaecrista riparia (H. B. K.) Britton, Bull. Torr. Club 44: 11. 1917. 

Cassia riparia H. B. K. Nov. Gen. & Sp. 6 : 369. 1824. 

Type locality: Magdalena River, near Mompox, Colombia. 

Since, Bolivar, Pennell }029. Recorded by authors from a wide range in tropical 
America, but, apparently, restricted to northern Colombia. 

23. Chamaecrista Andreana Britton & Killip, sp. nov. 

Frutex; stipulae lineari-lanceolatae ; petioli glandula scutellata, sessilis; 
foliola 3-5-juga, oblonga, chartacea, glabra, ciliolata, dense pennivenia, costa 
excentrica : sepala lanceolata, glabrata. 

A shrub, the short slender twigs sparingly short-pubescent or glabrous. 
Stipules linear-lanceolate, long-acuminate, glabrous or sparingly ciliate, 4r-G 
mm. long; petiolar gland scutellate, orbicular, sessile, about 0.4 mm. broad; 
leaflets 3-5 pairs, oblong, chartaceous, glabrous, ciliolate, rounded or emargi- 
nate, mucronate. closely pinnately many-veined, the prominent midvein ex- 
centric : pedicels filiform, somewhat pubescent, 5-7 mm. long ; sepals lanceolate, 
acuminate, nearly glabrous, 0-7 mm. long ; larger petals about 1 cm. long. 

Randy soil, Piedras and Ibagu6, eastern base of Mt. Quindio, Tolima, Colombia, 
March 3, 1S76, Andrd 19 74 , type (N.Y.), cited as Cassia Chamacrista L. by Mieheli. 

24. Chamaecrista arborescens Britton & Killip, sp. nov. 

Frutex pilosus; stipulie anguste triangulato-lanceolatm ; petioli glandula 
crassa, subclavata : foliola 9-13-juga, cbartacea, oblonga vel (suprema) oblongo- 
oblanceolata, multinervia, ciliata, glabra, in costa subexcentrica sparse pilosa ; 
legumen lineare, sparse et breviter pubescens. 

A shrub, 3-4 m. high, the branches rather stout, pilose, at least when young. 
Stipules narrowly triangular-lanceolate, pilose, long-acuminate, 10-12 mm. 
long, f ew-nerved ; petioles short, bearing a stout subclavate gland about 1.5 
mm. long; leaves 7-9 cm. long, the rachis pilose; leaflets 9-13 pairs, chartaceous, 
oblong (or the upper pair oblong-oblanceolate) , rather strongly many-nerved, 
obtuse or acutisb, mucronulate, ciliate, dull, glabrous and dark green above, 
paler green and sparingly pilose on the somewhat excentric midvein beneath ; 
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fruiting pedicels stout, pilose, 1.5-2 cm. long, 2-bracteolate above tbe middle; 
legume linear, 4r-5 cm. long, S mm. wide, tipped, sparingly short-pubescent. 

Open hillside, Culagfl Valley, near Tapatil, north of Toledo, Norte de Santander, 
Colombia, 1800-2000 m. altitude, March 4, 1027, Killip & Smith 201)6, type (X.Y.j. 


CJiamrcrrista glanduTosa (L.) Greene, recorded by Bentham from Colombia, 
is restricted in distribution to Jamaica. 

Cassia gracilis Kunth, recorded by Bentham from Colombia, has its type 
locality near San Borja, on the Rio Orinoco, Venezuela, and is not known to 
us from Colombia. 

Chamwcrista mimosoides (L.) Greene, with the type locality in Ceylon, 
has been recorded by authors from a wide range in tropical America, but it 
appears to be restricted to tropical Asia. 


31. GRIMALDIA Schrank, Bot. Zeit. Regensb. 4: 184. 1805. 

Type species: Grimaldia opcifcra Sclirank. 

Key to Species of Gbimaldia 

Leaflets obovate to orbicular, rounded or emarginate 

mucronate 1. G. riscosa. 

Leaflets elliptic to ovate, acute, aristellate 2. G. colombiana. 

1. Grimaldia viscosa (H. B. K.) Britton & Rose, 

Cassia viscosa H. B. K. Nov. Gen. & Sp. 6: 360. 1824. 

Type locality: Mesa de Cuello, near Contreras, and Ibagu£. Colombia. 

Upper Lebrija Valley, Santander, Killip <£ Smith 16261. Villavieencio, Meta, Ap- 
ollinaire Marie. 

Specimens from Brazil and British Guiana, here referred by authors, are 
Grimaldia cuneifolia (Vogel) Britton & Rose ( Cassia cuneifolia Vogel, Syn. Cass. 
51. 1837). Micheli cites Andre’s 867 as Grimaldia hispidula (Vahl) Britton & 
Rose ( Cassia hispidula Vahl), a species with which G. viscosa may prove to be 
symonymous. 

2. Grimaldia colombiana Britton & Rose, sp. nov. 

Frutex ad 1 m. altus vel subherbacea, dense glanduloso-pubesceus, viscosa ; 
stipulm lineares; foliola 2-juga, ellipliea vel ovata, acuta, aristulata, supra 
glabra, subtus pubescentia, ciliata; sepala oblonga; petala obovata; stamina 
10 ; legumen lineare, utroiiue angustatum. 

A shrub, about 1 m. high, or lower, or subherbaceous, the twigs, petioles and 
inflorescence densely glandular-pubescent and viscid. Stipules linear, 1-2 
mm. long ; leaflets 2 pairs, elliptic to ovate, subcbartaceous, 1-4 cm. long, acute, 
apiculate or aristellate, glabrous above, ciliate, pubescent beneath; racemes 
few-several-flowered ; pedicels slender, 10-15 mm. long ; sepals oblong, acutish, 
sparingly pubescent, about 12 mm. long ; petals obovate, reticulate-veined, short- 
clawed, about 15 mm. long; stamens 10, the anthers 4-5 mm. long; legume 
linear, flat, loosely long-pubescent or at length glabrate, short-beaked, narrowed 
at both ends, 2.5-3 cm. long, 5-6 mm. wide. 

Northern slope of Mesa de los Santos, Santander, Colombia, 1000-1500 m. altitude, 
December 15, 1020, KilUp £ Smith 15419, type (N.Y.). Huila, Neiva, Busby & Pennell 
1125, Melgar, Cundinamarca, Pennell 2S ) Villavieencio, Meta, Pennell 1643. (?) Rio 
San Jorge, El Cauca, Andrd 2922, cited by Micheli as Cassia hispidula . 
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32. PARKINSONIA L. Sp. PI. 375. 1753. 

Type species: Parkinsonia aculeata L. 

1. Parkinsonia aculeata L. Sp. PI. 375. 1753. 

Parkinsonia spinosa H. B. K. Nov. Gen. & Sp. 6 : 335. 1824. 

Type locality : Tropical America. 

Frequent in northern Colombia at low elevations. Venezuela and Margarita to 
Surinam; Galfipagos ; Panama to Chihuahua and Sonora; West Indies; Florida to 
Texas. Sauce, goajiro, retamo, vabo. 

33. DELONIX Raf. FI. Tell. 2: 92. 1836. 

Type species: Poindana regia Bojer. 

1. Delonix regia (Bojer) Raf. FI. Tell. 2 : 92. 1836. 

Poindana regia Bojer; Hook. Bot. Mag. 56: pi. 2884 . 1829. 

Type locality : Madagascar. 

Turbaco, Bolivar, Killip 6 Smith 14419. Girardot, P6res S 77. Barranquilla, Elias 
242. Widely planted, and naturalized in tropical and subtropical America. Native of 
Madagascar. 


34. CERCIDIUM Tulasne, Arch. Mus. Paris 4: 133. 1844. 

Type species: Cerddium spinosum Tulasne. 

1. Cercidium praecox (R. & P.) Harms, Bot. Jahrb. 42 : 91. 1908. 

Cccsalpinia prcecox R. & P.; Hook. & Am. Bot. Misc. 3 : 208. 1832. 

Cercidium spinosum Tulasne, Arch. Mus. Paris 4: 134. 1844. 
Rhetinophytlum viride Karst. FI. Col. 2: 25, pi. 113 . 1862. 

Cerddium viride Karst. Bot. Jahrb. 8 : 346. 1887. 

Type locality : Peru. 

Cticuta, Norte de Santander, Killip & Smith 21016. Tucaraca, Goajira, Dawe 502 . 
Ecuador to Peru and Argentina ; Venezuela ; Curacao ; Hispaniola. Quica. 

35. H2EMATOXYLON L. Sp. PI. 384. 1753. 

Type species: Hccmatoxylon campcchianum L. 

1. Haematoxylon Brasiletto Karst. FI. Col. 2: 27, pL 114 . 1862. 

Type locality : Foot of the Andes, northern Colombia. 

Santa Marta, H. K . Smith 258 ; Killip & Smith 21094 s 21106; Daice 480. Goajira, 
Datce 575. Venezuela; Curacao; Bonaire. Hala, falo de Brasil, brasilbto. 


36. LIBIDIBIA Schl. Linnsea 5: 192. 1830. 
Type species : Poindana coriaria Jacq. 
Key to Species of Libidibia 


Legume twisted; leaflets linear 1. L. coriaria. 

Legume straight ; leaflets oblong to elliptic or obovate. 

Leaflets 3-5 pairs, elliptic, or the upper pair 

obovate, sparingly black-dotted 2. L. punctata . 

Leaflets 7-9 pairs, oblong. 

Leaflets 5-10 mm. long 3 . L. corymlosa . 


Leaflets larger, up to 1G mm. long 4. L. Elano. 


1 . Libidibia coriaria (Jacq.) Schl. Linnsea 5: 193. 1830. 


Poindana coriaria Jacq. Sel. Stirp. Am. 123. 1763. 
Cccsalpinia coriaria YTilld. Sp. PI. 2 : 532. 1799. 


Type locality : Curacao. 

Boll ? ar an <* Santa Marta. Venezuela ; Curacao; Aruba: Bonaire; 
DirSrri *ba ’6 1 Jamaica; Hls Paniola; Puerto Rico; St. Thomas to Montserrat. 
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2. Libidibia punctata (Willd.) Britton; Britton & Wilson, Sci. Surv. Porto Rico 
& Virgin Ids. 5: 378. 1924. 

Ccesalpinia punctata Willd. Enum. 445. 1809. 

Poinciana punctata Poir. in Lam. Encycl. Suppl. 4 : 449. 1816. 

Ccesalpinia paucijuga Benth. in Hook. Ic. PI. 20: pi. 1977 . 1891. 

Type locality: Brazil (perhaps in error), 

Santa Marta, Record 40. Puerto Colombia, Atlintico, Elias 1146. Ponedera, At- 
ldntico, Dugand 464 . SGoajira, Dawe 693 (foliage onlyk 


3. Libidibia corymbosa (Benth.) Britton & Killip. 

Ccesalpinia corymbosa Benth. PI. Hartw. 117. 1839. 

Type locality : Near Guayaquil, Ecuador. 

Santa Marta, E. H. Smith 17. Ecuador ; Peru. 

4. Libidibia Ebano (Karst.) Britton <fc Killip. 

Ccesalpinia Ebano Karst. FI. Col. 2 : 57, pi. 129. 1862. 

Type locality: Northern Colombia. 

Santa Marta, Record 6 fr. Endemic. Perhaps not distinct from L. corymbosa. Ebano. 


37. TARA Molina, Sagg. Chile, ed. 2, 153. 1810. 

Type species. Tara tinctoria Molina 

1. Tara spinosa (Molina) Britton & Rose, N. Am. Flora 23 : 320. 1930. 

Poinciana spinosa Molina, Sagg. Chile 158. 1782. 

Ccesalpinia pectinata Cav. Descr. 467. 1802. 

Tara tinctoria Molina, Sagg. Chile, ed. 2, 153. 1810. 

Ccesalpinia spinosa Kuntze, Rev. Gen. 3 2 : 54. 1898. 

Type locality: Lima, Peru. 

Frequent in Colombia. Yenezuela to Peru, Bolivia and Chile; Cuba. Guarango, 
dividiyi. 


38. BRASILETTIA (DC.) Kuntze, Rev. Gen. 164. 1891. 

Type species : Ccesalpinia brasiliensis Sw., not L. 

1. Brasilettia mollis (H. B. K.) Britton & Killip. 

Coulteria mollis H. B. K. Nov. Gen. & Sp. 6: 330. 1824. 

Ccesalpinia mollis Spreng. Syst. 4 : Cur. Post. 169. 1827. 

Ccesalpirda acutifolia Johnston, Proc. Am. Acad. 40 : 686. 1905. 

Peltophorum Suringari Urban, Symb. Ant. 5 : 363. 1908. 

Peltophorum acutijoUum Johnston, Proc. Bost. Soc. Nat. Hist. 34 : 221. 1909. 
Type locality: Santa Marta, Colombia. 

Santa Marta, E. E. Smith 705 ; Record 53. Atldntlco, Dugand 851. Curacao; 
Aruba ; Yenezuela. 


39. POINCIANA L. Sp. PI. 380. 1753. 

Type species: Poinciana pulcherrima L. 

1. Poinciana pulcherrima L, Sp. PI. 380. 1753. 

Ccesalpinia pulcherrima Sw. Obs. Bot. 166. 1791. 

Type locality: India. 

Frequent or common in Colombia. All tropical and sub-tropical regions. In Amer- 
ica north to Florida and Bermuda. Much planted for ornament. Angelito clayellina. 

GUACAMAYA, FLOE DE A.NGEL, FLOEITO, PLOE DE PAYO. 
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40. CJESALPINIA L. Sp. PI. 380. 1753. 

Type species: Cctsalpinia Irasiliensis L. 

1. Cassalpinia Andreana IMicheli, Joum. de Bot. 6: 193. 1892. 

Ccpsalpinia bicolor C. H. Wright, Kew Bull. 1896: 22. 1896. 

Tyne locality: Rfo San Jorge. Colombia. 

Rfo San Jorge. El Cauca, Antin' 292/ (co-type). Patfa, Xariuo, Lehmann 779 5, 
B.T.G10, j B.r.82}. Rfo Loro, Huihi, Lehmann &6*o9. Garzdn, Huila, White 11. Peru? 
Pai.o Brazil. 

41. GUILANDINA L. Sp. PL 381. 1753. 

Type species: Guilandina Bonduc L. 

1. Guilandina crista (L.) Small, FI. SE. U. S. 591. 1903. 

Cirsalpinia crista L. Sp. PL 2S0. 1753. 

Guilandina Bonducclla L. Sp. PL ed. 2, 545. 1762. 

Type locality : Ceylon. 

Frequent In coastal sanils, northern Colombia. Nearly all tropical and Rublropical 
seacoasts, in America north to Bermuda, Florida, Tamaulipas, and Sinaloa. Mate, 
OltILLA DEL MAE. 

42. SCHIZOLOBIUM Vogel, Linnsea 11: 399. 1837. 

Type species: Schizolobium excclsum Vogel. 

1. Schizolobium Parahyba (Veil.) Blake, Contr. 17. S. Nat. Herb. 20: 240. 1910. 

Cassia. Parahyba Veil. FI. Flum. 16S. 1790. 

Schizolobium cxcelsum Vogel, Linncea 11: 399. 1837. 

Type locality : near Rio de Janeiro, Brazil. 

El Humho, Bojac.l, Lairran<e J27. Veracruz to Panama. Brazil. 

43. SWARTZIA Schreb. Gen. 518. 1791. 

[Toux vtea Aubl. PL Guian. 1 : 549. pi. SIS . 1775.1 
Type species: Swartzia alata Willd. 

Key to Species of Swartzia 

Leaflet only 1 1. 8. Mutisii. 

Leaflets 3 to several. 

Under surface of leaflets densely pubescent : leaflets 

13 or 13 2. 8. robinurfoVta. 

Under surface of leaflets glabrous; leaflets not 
more than 9. 

Tetals scarcely longer than the calyx ; stamens not 

more than 25 5. 8. arborescens. 

Petals much exceeding the calyx; stamens very 
numerous. 

Calyx sparingly pilosulous or glabrous. 

Racliis of leaves wingless, the leaflets obtuse 

at base ; calyx splitting into 2 segments. 4. 8. Trianw . 

Rachis of leaves winged, the leaflets acute at 

base : calyx splitting into 3 or 4 segments. 5. 8. crocca. 

Calyx tomentose. 

Upper leaflets 13-20 cm. long : longer stamens 

2—4 

Leaflets not more than 10 cm. long; longer 
stamens about 8 


6 . 8. macrophylla. 

7 . 8. magdalen ce. 
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1. Swartzia Mutisii Britton & Killip, sp. nov. 

Hamuli appresso-pubescentes ; petioli anguste alati; folia 1-foliolata, foli- 
olum oTato-ellipticum, obtuse acuminatum, basi cuneatum, subcoriaceum, gla- 
brum ; inflorescentia axillaris, 3-4-flora, pedicellis tenuissimis ; legumen juvenile 
oblongum, utroque acutum. 

Twigs short-appressed-pubescent. Leaves 1-foliolate: petioles stout, 5-7 
mm. long, narrowly winged, the wings subulate at apex; leaflet ovate-elliptic, 
7-12 cm. long, 3.5-G cm. wide, obtusely acuminate at apex, cuneate at base, 
subeoriaceous, lustrous, glabrous, conspicuously reticulate-veined ; inflorescence 
axillary, 3 or 4-fiowered, tbe branches sparingly pilosulous, the pedicels glabrous, 
very slender, 1-2 cm. long ; buds globose, about 3 mm. in diameter, glabro'us ; 
immature legume oblong, 1.5-2 cm. long, compressed, acute at both ends, finely 
puberulous, its beak slender, about 5 mm. long, its stipe 7-8 mm. long. 

Colombia, 1760-1808, Mutts 4620 (type), 4617, 83. 

2. Swartzia robiniaefolia Willd.; Yogel, Linnaea 11: 171. 1837. 

Type locality : Radigas de Honda, Colombia. 

Radigas de Honda, Tolima, Humboldt iG Bonpland 170\ (co-type). Mvlato. 

3. Swartzia arborescens (Aubl.) Pittier, Joum. Wash. Acad. Sci. 11: 157. 1921. 

Possira arborescens Aubl. PL Guian. 2 : 934, pl. 355. 1775. 

Rittera triphylla Sw. Prodr. 82. 1788. 

Swartzia triphylla Willd. Sp. Pl. 2: 1220. 1799. 

Tounatea arborescens Britton, Bull. Torrey Club 16: 325. 1S89. 

Type locality : French Guiana. 

Umbrfa, Putumayo, King 1938. Gulanas and Amazon basin of Brazil and Peru. 

4. Swartzia Trianae Benth. in Mart. FL Bras. 15 2 : 39. 1870. 

Tounatea Trianoe Taubert, Bot. Centralbl. 47 : 392, 1891. 

Type locality: Tocaima, Bogota, Colombia. 

Honda, Tolima, Ariste Joseph A3 10, A7.\8. Tocaima, Cundinamarca, Triana (co- 
type) ; P6res 2 413. Mariquita, Triana. Tlllavicencio, Meta, Apollinaire Marie. 

5. Swartzia crocea (Veil.) Benth. in Mart. Fl. Bras. 15 2 : 23. 1870. 

Mimosa crocea Yell. FL Flumin. 9: pl. 17. 1827. 

Tounatea crocea Taubert, Bot. Centralbl. 47 : 390. 1891. 

Type locality : Brazil. 

Fundacidn, Santa Marta, Purdie. Vlllavicencio, Meta, Apollinaire Marie. Brazil 
and perhaps Peru. 

A related species, S. myrti folia J. E. Sm., was erroneously reported from 
Colombia by Bentham on the basis of a Moritz collection from Venezuela. 

6. Swartzia macrophylla Willd.; Yogel, Linnaea 11: 172. 1837. 

Type locality: Nares, Colombia. 

Nares, BoyacfL, Humboldt & Bonpland (photograph of type) ; El Humbo, Boyacfi, 
Laicrance 495. 

8. Swartzia magdalenae Britton & Killip, sp. nov. 

Ramull dense rufo-tomentosi ; rachis quadrangulata, anguste marginata; 
foliola 7 vel 9, oblonga vel elliptico-olonga, obtuse acuminata, subcoriacea, 
glabra; inflorescentia paniculata, dense ruf o-tomentosa ; calyx tomentosus, in 
segmenta 3 ovato-oblonga ruptus ; petalum suborbiculatum ; stamina longiora 
ca. 8, breviora numerosissima. 

Twigs densely rufo-tomentose. Stipules lance-linear, about 12 mm. long; 
rachis quadrangular, 8-12 cm. long, narrowly margined, sparingly pilosulous; 
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leaflets 7 or 9. oblong, rarely elliptic-oblong, 6-9 cm. long, 2-3 cm. wide, ob- 
tusely acuminate at apex, subacute at base, subcoriaceous, glabrous, the prin- 
cipal secondary nerves nearly 1 cm. apart; inflorescence paniculate, densely 
rufo-tomentose. the flowers in dense clusters, the pedicels very short ; calyx 
about 8 mm. long, tomentose, splitting into 3 ovate-oblong segments ; petal sub- 
orbicular, about 3.5 cm. wide ; stamens numerous, the longer and stouter ones 
about S, 12-13 mm. long, the shorter ones very numerous, capillary, 8-9 mm. 
long ; ovary glabrous. 

Magdalena Valley, Colombia, Triana 457, type. 


Sicartzia grandiflora Willd. is recorded from Colombia by Micheli, on the 
basis of Andrd 1830, from the Magdalena Valley. 


ADDENDUM 

Page 113. 

la. Inga polita Killip, sp. nov. 

Arbor glabra, petiolis inflorescentiaque sparse puberulis; petiolus alatus, 
glandula eoncava; foliola l-juga, crassa, coriacea, ovata vel ovato-oblonga, 
caudato-acuminata ; flores umbellati, pedicellis calycibusque snbsequalibus ; 
calyx tenuis, lobis aeutis. 

Tree up to 5 m. high, glabrous throughout except the petioles and in- 
florescence. Petiole 1.5-2 cm. long, winged, the wings 2-2.5 mm. wide, sub- 
revolute, the gland sessile, concave, 1 mm. in diameter ; leaflets 1-pair, thick- 
coriaceous. lustrous, ovate or ovate-oblong, 10-18 cm. long, 5-7.5 cm. wide, 
caudate-acuminate, narrowed at base, the nerves strongly impressed above; 
peduncles 5-10 mm. long, puberulent ; bracts subulate, rigid, persistent ; flowers 
in umbels, the pedicels subequal to the calyces, puberulent ; calyx slender, about 
*4 mm. long, very sparingly puberulent, its lobes acute ; corolla (in bud) 7-9 
mm. long, its lobes puberulent. 

Buenaventura, El VaUe, Colombia, near sea level, August 10, 18S4, Lehmann 8824, 
type (Kew), cited by Micheli as I. panurenaia Benth. 

Page 118. 

27. Inga panamcnsis. Among the specimens at Kew under this name there 
is no Linden 366 from Colombia. There is, however, a specimen of Fendlcr 366 
from “Colonia Tovar,” in Venezuela, and this may have been the plant Bentham 
had at hand. Schlinfs 256, doubtfully referred to 7. panamensls by Bentbam, 
is rather 7. caracasana Pittier. 

Page 118. 

27a. Inga caracasana Pittier, Arb. & Arb. Legum. 107. 1929. 

Type locality : CurucutI, between La Guaira and Caracas, Venezuela. 

OcaQa, Norte de Santander, SchHm 256. Another specimen from Ocaiia, Kalbreyer 
278, is referred here with hesitation. 

Page 130. 

4a. Pithecellobium picramnioides Standley, sp. nov. 

# Arbor 6-9-metralis, trunco 15-20 cm. diam. ; folia magna, bipinnata, pinnis 
unijugis, ca. 30 cm. longis, petiolo 3 cm. longo, aplce glandula parva onusto ; 
rhachis pinnse gracilis, subteres, foliolis 3-5-jugis, breviter petiolulatis, oblongis 
vel lanceolato-oblongis, 8-11 cm. longis, 3-4.5 cm. latis, breviter subabmpte 
acuminatis, acumine acuto. basi oblique obtusis vel subrotundatis, glabris, supra 
in sicco olivaceis, nervis subimpressis, costa ut nervis subtus prominentibus, 
nervis lateralibus utroque latere 5 vel 6, valde adscendentibus ; flores spicati, 
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spicis e trunco nascentibus, 30-30 cm. longis, pendulis, gracilibus, remote multi- 
floris, rhachi flexuosa, minute tomentulosa, bracteis minutis, triangularibufc, 
acutis ; calyx campanulatus, basi rotundatus, 1.7 mm. longus, minute dentatus, 
dense adpresso-pilosulus ; corolla in alabastro 4 mm. longa. extus dense minute 
adpresso-pilosula. 

El Humbo region, Boyacl, Colombia, in lieavy forest overhanging a stream bank, 
altitude 750 m., March 29, 1933, A. E. Laicrance 7 IS, type (Field Museum). 

“The wood is very hard. Center of the main stem hollow and full of water. 
Heart of the main stem contains a ring of ebony-colored wood half an inch thick. 
Flowers white.” The proposed species belongs to the subgenus Zygla , 8 a group 
of trees confined in habitat almost or wholly to stream banks. P. picramnioides 
is noteworthy particularly for its greatly elongate flower spikes, which arise 
from somewhat elevated, cushion-like areas on the trunk of the tree. 

Page 134. 

3a. Calliandra angustifolia Spruce; Benih. Trans. Linn. Soc. 30 : 539. 1875. 

Type locality : Huallaga River, eastern Peru. 

Mocoa. Caqueta, Sprague. Peru. 

Page 135. 

5a. Calliandra purpurea (L.) Benth. Lond. Joum. Bot. 3: 104. 1844. 

Mimosa purpurea L. Sp. PI. 517. 1753. 

Inga purpurea Willd. Sp. PI. 4: 1021. 1806. 

Inga obtusijolia H. <fc B.; Willd. Sp. PL 4: 1022. 1806. 

Calliandra obtusijolia Karst. FI. Col. 2: 41, pi. 171. 1862. 

Anneslia purpurea Britton, Mem. Brooklyn Bot. Gard. 1 : 50. 1918. 

Type locality : Tropical America. 

Rio Cdsar, Magdalena, Da ice 635. Venezuela ; Lesser AntiUes. 

Page 150. 

5. Mimosa drbilis. In attributing this species to Colombia Bentham evi- 
dently had in mind a Venezuelan collection of Fendler's. 

Page 165. 

8a. CYNOMETRA L. Sp. PI. 382. 1753. 

Type species: Cynometra caulijlora L. 

1. Cynometra Schottiana Hoehr. Bull. N. Y. Bot. Gard. 6: 275. 1910. 

Type locality : Atrato and Trunndo rivers, Colombia. 

Atrato and Truando rivers, El Choco, Schott 7 (type). Tbehextixo. 

Page 174. 

15. Chamrefistula suhcorlacca. The following specimens at Kew are ap- 
parently referable to this species although the upper pair of leaflets are 9-14 
cm. long and the lower pair 6-11 cm. long: Santa Marta, Purdie; Rio de Oro, 
Norte de Santander, KaVbreyei' iS9o; OcaiSa, Sclilim 6. 

Page 1S3. 

2a. Chamaecrista brevipes (DC.) Greene, Pittonia 4: 31. 1S99. 

Cassia brevipes DC.; Collad. Hist. Cass. 119, pi. 9. 1816. 

Type locality : Panama. 

Llanos de Cumaral, Meta, Andre 1100. Venezuela; British Guiana; Panama, Costa 
Rica. 

8 In the f oregoing treatment this species evidently is nearest related to Zygia Leh- 
mannAi, which has racemes only 4.5 cm. long. In order that the name may conform to 
the nomenclature of the present paper the new combination Zygia picramnioides (Stand- 
ley) KiUlp must be made. — -E. P. R. 
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PARTIAL LIST OF EXSICCATiE 

The following list consists chiefly of important older collections, which 
have been widely distributed : — 

Andr£ : 215 Entailopsis polystaehya : 213 Chamcefistula oxyphylla ; 216, in 
part, Inga fredoniana ; 210, in part, Inga pseudof astnosa ; 271 Mimosa colom- 
biana : 294 Calliandra flavida ; 333 Schnella stenoloba ; 364 Inga oblanceolata ; 
451 Mimosa colombiana; 697bis Chamtefistula undulata; 996 Chanuecrista 
tristicula ; 1649 Schnella umbriana ; 1063 Brownea Ariza ; llolbis Calliandra 
colombiana; 1190 Chamcecrista brevipes; 1379 Calliandra Pittieri; 1398 
Chamsecrista flavicoma; 1400 Calliandra Pittieri; 1446 Senegalia riparia; 
1479 Ditremexa hirsnta ; 1519 Calliandra Pittieri ; 1555 Calliandra glaberrima ; 
1737bis Schnella vestita ; 1S10 Amaria petiolata ; 1S57 Pithecellobium subglo- 
bosum; 1919 Chamtecrista serpens; 1938 Schnella nitida; 1939 Inga oblanceo- 
lata; 1974 Chamiecrista Andreana; 19S0 Chamoecrista serpens; 1981 Mimosa 
somnians; 2302 Cassia grandis; 2621 Punjuba Lehmannii?; 2625 Punjuba 
Killipii?; 2755 Calliandra carbonaria; 2773 Senegalia popayana; 2914 Ctesal- 
pinia Andreana; 2921 Mimosa Andreana; 2922 Grimaldia colombiana; 3376 
Poponax Pennatula; 3015 Inga densiflora; B.T.373 Acaciella Holtonii; K413 
Mimosopsis quitensis. 

Da we: 47 Calliandra Purdiei; 132 Albizzia carbonaria; 226 Adipera 
tomentosa ; 268 Inga marginata ; 378 Tara spinosa ; 410 Schnella longipetala ; 
420 Inga heterophylla : 433 Zygia longifolia : 442 Schnella stenoloba ; 436 Baubi- 
nia Kalbreyeri; 406 Pithecellobium lanceolatum; 467 Arthrosamanea pista- 
ciaefolia : 470 Calliandra glaberrima ; 475 Samanea Saman ; 4S0 Hiematoxylon 
Brasilctto: 4S2 Xeltuma juliflora; 495 Peltogyne pubescens; 502 Cercidium 
praecox; 563 Libidilia coriaria; 504 Schnella columbiensis : 511 Pithecellobium 
dulee; 519 Isandrina emarginata: 525 Poponax tortuosa; 570 Calliandra 
marginata ; 575 Hcematoxylon Brasiletto ; 583 Senegalia polyphylla ; 590 
Pithecellobium hymenfefof olium ; 392 Isandrina emarginata; 593 Libidibia 
punctata?; 615 Mimosa Velloziana; 633 Calliandra purpurea; 815 Pithecello- 
bium dulee ; S31 Chamsecrista flavicoma ; 888 Prioria copaifera. 

Kalbkeyer: 273 Inga caracasanaV: 635 Inga marginata; 695 Chamtefistula 
subcoriacea?; 690 Chamrefistula fluviatilis; 735 Acaciella Holtonii; 837 Bau- 
hinia emarginata; 1256 Mimosa somnians; 1774 Chaimjefistula Toroana?; 1802 
Bauhinia Kalbreyeri. 

Kleg: 1622 Chamiefistula gigantif olia ; 1651 Senegalia tomentella; 1664 
Mimosa polydactyla; 1710 Calliandra carbonaria; 1733 Schnella umbriana; 
1737 Inga olivacea ; 1731 Chaimefistula Klugii ; 1830 Bauhinia tarapotensis ; 
1S65 Klugiodendron umbrianum ; 1938 Swartzia arborescens. 

Lehmann : 6 V 6 Inga spectal ilis ; 779 Inga Holtonii ; 829 Inga popayanen- 
sls; 904 Inga sordida; 924 Senegalia Lehmannii; 935 Adipera tomentosa; 
20S9 Calliandra carbonaria : 2187 Mimosa floribunda; 2268 Leucaena glauca; 
2373 Chamaeerista bauhinitef olia ; 2505 Chamsecrista flavicoma; 2577 Schnella 
vestita; 2935 Pithecellobium dulee; 3053 Inga marginata; 3079 Mimosa flori- 
bunda; 32SC Chanuefistula macrophylla ; 3413 Mimosa pudica; 3X24 Inga 
polita ; 4076 Calliandra carbonaria ; 4014 Cassia grandis ; 4643 Tamarindus 
indica; 4767 Mimosa floribunda; 3260 Ohamjefistula Toroana?; 5364 Ditremexa 
leptocarpa ; 5366 Parkinsonia aculeata ; 5367 Calliandra Pittieri ; 536S Calli- 
andra tetragona; 5369 Acaciella Holtonii; 5311 Ditremexa leptocarpa; 5750 
Inga Ursi; 3751 Inga popayanensis ; 5752 Inga Holtonii; 6110 Neptunia plena; 
6679 Chameefistula macrophylla ; 7343 Chaimvfistula speciosa ; 7792 Peiranisia 
velutina ; 7793 Chaimesenna pistacuefolia ; 7794 Ciesalpinia Andreana; 780S 
Inga popayanensis ; 8478 Chanueflslula Toroana ; S479 Cliamjecrista bauhinim* 
folia; 8539 Chaimesenna pistaeisef olia ; 8023 Punjuba Lehmannii; 8659 Cfleal- 
pinia Andreana : 8764 Tara spinosa : 8986 Inga Ruiziana ; S9S7 Pseudovouapa 
stenosiphon; 89S9 Zygia Lehmannii; B.T.364 Punjuba Lehmanni; B.T.372 
Herpetica alata ; B.T.373 Acaciella Holtonii ; B.T.565 Calliandra carbonaria ; 
B.T.610 Ctealpinia Andreana; B.T.622 Inga cycladenia; B.T.S22 Peiranisia 
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velutina : B.T.S24 tVbalpinin Andreana ; B.T.S27 PeironMa velutina ; B.T.1057 
Channeerista baubiniuefolia ; B.T.1095 Cbamieeribta Lehmannii ; B.T.1113 
Cbamiecrista bauhiniiefolia ; K00 Cbamiecrista tristicula ; KS42 Mimosa flori- 
bunda. 

Li^dlx: COG Calliandra glomerulata; 1336 Cbamiefistula speciosa; 1500 
Mimosa floribuncla ; 1501 Mimosa spicifiora ; 1517 Pitbecellobium forfex. 

Schlim: 2 Peiranisia santanderensis ; 6 Cbamiefistula subcoriacea?; 9S 
Calliandra tetragona; 100 Cbamiecrista patellaria; 152 Inga punctata; 172 
Acaciella Holtonii; 173 Mimosa potycarpa; 174 Cbamiecrista patellaria; 203 
Calliandra Purdiei;204 Inga santanderensis ;25G Inga earacasana ;26S Emelista 
pilifera; 269 Baubinia ungulata; 270 Scbnella nigra; 281 Cbamiecrista 
Schlimii; 517 Inga ingoides; 939 Havardia platyloba; 941 Isandrina emar- 
ginata ; 942 Mimosa oligacantba. 

Smith, H. H. : 17 Libidibia corymbosa ; 19 Libidibia coriaria ; 20 Isandrina 
emarginata: 21 Schnella columbiensis ; 24, 23 Zygia longifolia; 26 Pithecel- 
lobium forfex; 27 Inga edulis; 2Sa Pitbecellobium Pittieri; 29 Pitbecellobium 
pubescens; 30 Havardia plats'loba; 32 Calliandra magdalenae; 33 Mimosa 
oligacantba ; 34? Senegalia tamarindifolia ; 35 Mimosa leiocarpa ; 36 Calliandra 
marginata; 37, 37a Leucsena colombiana; 3S, 3Sa Albizzia colombiana; 39 
Senegalia glomerosa ; 40 Xeltuma juliflora ; 41 Poponax flexuosa ; 52 Havardia 
platyloba; 66 Cbamiecrista supplex; 67 Cbamiecrista serpens; 70 Ditremexa 
occidental^ ; 71 Emelista Tora; 101 Mimosa invisa; 102 Mimosa floribuncla; 
104 Pitbecellobium lance datum ; 105 Pitbecellobium hymeimefolium ; 106 Inga 
spuria; 248 Cbamiesenna reticulata; 249 Peiranisia biflora; 250, 251 Cbamie- 
tistula Smitbiana ; 253 Cbamoeflstula oxypbylla ; 25S Haematoxylon Brasiletto ; 
261 Poeppigia procera ; 265 Poinciana pulcberrima ; 274 Cbamcecrista patellaria ; 
275 Cbamiecrista stenocarpa; 276 Cbamsecrista pilosa: 293 Senegalia poly- 
pbylla ; 294 Senegalia glomerosa ; 205 Acaciella Holtonii ; 295a Acaciella mar- 
tensis ; 296 Albizzia martbae ; 297 Poponax tortuosa ; 29S Xeptunia plena ; 299 
Mimosa pigra ; 300 Desmantbus depres&us ; 301 Mimosa flavescens ; 302 Mimosa 
leiocarpa ; 303, 304 Piptadenia flava ; 307 Pithecellobium pubescens ; 30S Pitbe- 
cellobium forfex ; 309, 309a Pitbecellobium subglobosum ; 311 Samanea Saman ; 
695, C9S Pitbecellobium pubescens ; 700 Cbamiefistula inaetpiilatera ; 705 Bra- 
silettia mollis; 709 Cbamiecrista tricbopoda; 714 Mimosa martensis; 878 
Entadopsis polystacbya ; 926 Senegalia polypbylla ; 927 Inga spuria ; 929 Zygia 
latifolia ; 931 Brownea Ariza ; 932 Enterolobium cyclocarpum ; 2027 Hymensea 
Courbaril ; 20G1 Cassia grandis ; 2063 Desmanthus multiglandulosus ; 2064, 2065 
Cbloroleueon mangense; 2066 Mimosa leiocarpa; 2067 Albizzia colombiana; 
2113 Entada gigas ; 2246 Mimosa pigra ; 2247 Senegalia tamarindifolia ; 2537 
Cbamiecrista stenocarpa. 

Tbiana ; 454 Ditremexa leptocarpa ; 457 Swartzia magdaleme ; 4379 Adipera 
indecora; 43S4 Cbamiefistula macropbylla; 43S6 Cbamiefistula builana?; 4388 
Chamsecrista flavicoma ; 4401 Adipera bicapsularis ; 4402 Adipera tomentosa ; 
4403 Peiranisia Mntisiana ; 4404 Cbamiefistula Klugii? : 4410 Scbnella vestita ; 
4411 Scbnella nitida ; 4412 Amaria petiolata ; 4418 Pseudovouapa stenosipbon ; 
4419 Outea colombiana ; 4420 Mora megistosperma ; 4422. 4423 Brownea Rosa- 
de-monte; 4425 Brownea Ariza; 4426 Swartzia Trianae; 4433 Mimosa flori- 
bunda ; 4436 Mimosa somnians ; 4437 Mimosa pudica ; 4439 Poponax canescens ; 
4440 Mimosa pigra ; 4445 Mimosa somnians ; 4446 Mimosa pigra ; 4447 Senegalia 
glomerosa ; 4450 Albizzia c-arbonaria ; 4451 Mimosopsis ipiitensis ; 4453 Mimosa 
Trianae; 445S Pseudosamanea Guacbapele; 4461 Inga nobilis; 4462 Inga 
ingoides ; 4466 Inga edulis ; 4467 Inga Oerstediana ; 4469 Inga popayanensis ; 
4475, 4476 Zygia longifolia; 4479 Calliandra colombiana; 4481 Cbloroleueon 
bogotense ; 4483 Pitbecellobium laneeolatum. 
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Adornments 27, 87 

Agama atra 2S 

rolonorum 73 

mossambiea 6G 

stclllu 06 

Agamidae 40. 33, 74-76 

agamids 33, 73 

Algiroides 47 

Allen, Morrow J 56 

Amciva.,39, 40, 41, 42-47, 50, 60, 61, 

63, 64, 77, S6-89, 01 

chri/8olacma 29-38 , 42, SO, 90 

€X8Ul 36, 38, S9 

maynardii SO, 90 

Amphibolurus 72 

barbatus 76 

amplexus 72 

Anguidae SO, SI 

anguids 80 

Anguls Sfl-81 

fragi1l8 SO, SI 

Annandale 74 

Anolts 27, 28, 49-57, 58, 61, 64, 

86, 87, 91, 92 

carolfneti8i8 49, 52, 53, 35, 

56-57, 92, 93 

crlstatcllus 52 

cybotes 49 

inagua 49 

porcatus 49, 51 

sagrei 49, 30, 52, 53 

Anura 72 

appendages, prehensile S2 

ArteteUigella 83 

AristcUlger 85 

attracting devices 70 

Back 38, 39, 43-43, 48, 50, 54, 

5S, Cl, CO, 08, 70, 7S, 79 

scratching 80 

Barbour 2S 

Basiliscus amcricanus 71 

vittatU8 71 

belly S3, 54, 56, 60 

birds 70, 8S 

biting 32, 34, 41, 42, 43, 48, 06, 

CO, GS, 73, 75, 78 

blindfolding 43 


Page 

bluffing 47. 53, 58-60, 72, 74, 76, 89 

attitude 58, 62, 73 

mechanisms) 35, 5S, 61 

bobbing 54, 56, 60, 04, GO, 68, 69, 86 

bowing 74 

Brandis 55 

breeding 70, 73 

season 73, S2, 87, 94 

butting attitude 72, 82 

Burt 39, 79, 89 

Calm 72 

Calnte8 28, 74 

versicolor 28, 73 

Tamp 49 

Cclcxtu* 80, SI 

costatus SO 

Chalarodon madagascartcnsis. . .71, 73, 74 
Chnmaelcon calcaratus Si 

chamaeleon SI, 82 

dilepis 83 

owenit 82 

Chara8ia dorsalis 28 

chasing 34 

chest 31, 62 

chin 75 

choice 28, 09, 72, 73 

claws 72, 80 

Clemi/8 S2 

cloaca (s) 31, 32, 33-47, 41, 

50, 52, 33, 57, 61, 03, 64, 

60, 09, 71, 73, 77-S0, 86, 91 

cloacal "bone” S3 

contractions 45 

examination 50 

lips 33, 79, 85 

movements 34, 79 

region 31, 37, 32, 79 

smear SO 

CnemidophorU8 47, 61, 

7S, 87, 89, 91, 92 

8C£lineatU8 .59— J-}, 89, 90 , 91 

coition 71, 78, 79, 80 

Coleonyx 85 

varlegatu8 S5 

color 39, 54, 58, GO, OS, 

09, 74, 76, 79 
difference 73 
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display 53, 69, 71, 76, 82, 83. 

86, S7, 94, 93 

colors, bright 27 -29, 39, 

42, 49, 57, 58 , 60, 

01, 69, 70, 74, 76, SO 

color, warning 29 

“combs’* 31, 38 

Cope 27, S9, 91, 03, 94 

copulation 27, S4-3S, 40, 44, 43, 

49, 50, 53, 57, 61, 04, 09. 
70-73, 77-81, S3, 87, 8S-92 

length of 40, 52, 33, 60, Cl, 65, 

79, 80, 91. 02 

courtship . .27, 31, 36-4S, *7, 50, 54, 

57, 58, 60, 61-68, 63, 68, 70, 

71, 73, 77, 78-80, S2, 84, 87, 94 

crest (s) 50, 53, 56 

dorsal 27, JS, 73 

fleshy 34, 86 

neck 57 

Danforth 52, 36 

defense 30, 72, SG 

Deraniyagala 84 

dewlap 27, 30, 53, 53, 

37, 58, GO, 74. S6 

diet 29 


Diploglossa 91 

display 27, 28, 42, 54, 53, 58, 


60, 61, 65, 09, 71. 72, 

74, 73, 84, 86, 87. 89, 94 


female 7 3 

dominance 53-5 J 

dorsal position 72, 7S 

ridge 60, 68 

Draco 74 

volan8 retieulatus 74 

ear opening 78 

region 60, 80 

Edwards 72 

eggs 04 

Eremias intermedia 47 

Eumeccs 76, 77, 79, 86, 87, 93, 94 

fasciatu 8 30, 76-80 , 83, 93, 94 

lattcep8 7 6-80 

obeoletus 55, 70, 94 

Euprepe8 { carinatus ) 93 

eye<s» 43. 37, 60 

feet 7S 


hind 32, SO 

femoral organs. 31. 33. 34, 39, 40, 43. 

46, 47. 30, 61, 64, 78, S4 

fertilized 72 

fight reaction 42, 49, 68, 70, 


72, 82, 83, 87, 8S, 94 

fighting ...36 43, 47, 48. 50, 32, 53, 

54, 30, 57, 58, 00, 63, 04, 
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IXTBODU CTIOX * 


Location and Xature of hie Yellowstone Xational Pare: 

Yellowstone Xational Park, located in northwestern Wyoming and en- 
croaching slightly upon Idaho and Montana, is a region of unparalleled 
richness in respect to hot springs, geysers, steam vents, and accompanying 
thermal phenomena. The Park is approximately sixty-two miles long by 
fifty-four miles wide, and thus has an area of about 3426 square miles. 
The Yellowstone is essentially a broad volcanic plateau, surrounded on 
the northwest, north, east, and south by mountain ranges rising two to 
six thousand feet above the central plateau. The plateau itself, with an 
average elevation of about eight thousand feet is rolling, hilly, or even 
semi-mountainous in part. The irregular contour is increased by deep 
valleys and gorges; among these the Yellowstone, Gibbon, Madison, and 
Gardiner canyons are notable. 

On the north and northwest the Gallatin Eange incloses the Park; on 
the northeast edge of the Park the Snow}’ Eange, separated from the 
Gallatins by the Gardiner Eiver Talley, continues the mountainous 
boundary; connected with the Snowy Eange by a group of irregular, 
rugged mountains, the Absaroka Eange extends along the eastern border; 
and to the south the Tetons almost complete the circle of mountains. In 
all these ranges there are extensive signs of previous igneous activity: 
intrusive dikes and sheets ; along the northwest, stocks, laeeolites, bathv- 
liths, bysmaliths ; and in the interior of the Park toward the northeast 
portion an extinct volcano. The central plateau is composed primarily 
of extrusive igneous rock : andesites, rhyolites, and basalts, lying probably 
on Mesozoic (Cretaceous) and Tertiary (Eocene and Miocene) deposits. 

Geological History 

The mountains surrounding the Park are thought to be of approxi- 
mately the same age, and were elevated chiefly toward the close of the 
Cretaceous, although preliminary deformation and elevation took place 
in the Comanchean (Early Cretaceous). The geological stresses with 

* I wish to express my appreciation and indebtedness to H M. Albright, former Director 
of the National Park Service and former Superintendent of the Yellowstone National 
Park, and to R. W. Toll, late Superintendent of the Yellowstone National Park, for their 
wiUing permission to use the facilities of the Park and to carry on field work from 1928 
to 1934. 

The suggestions, advice and criticisms of Dr. John S. Karling, Dr. S. P. Trelease, and 
Dr. Tracy Hazen, all of Columbia University, and Dr. M. A. Howe of the New York 
Botanical Garden have been of great value and have helped materially in the course of 
this investigation. To them my sincere thanks are extended. , 
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accompanying faulting and deformation continued well into the Tertiary. 
However, during this period the chief activity seems to have been igneous 
and eruptive. Enormous quantities of extrusive material were erupted, 
and at the same time significant intrusions took place. This volcanic 
activity, beginning as a major process during the Eocene, reached its 
greatest extent in the lliocene, and slowed up decidedly by the opening 
of the Pliocene. There has been no igneous activity in the Yellowstone 
within historic times and the entire process may for the present be con- 
sidered extinct. By the elevation of the mountains encircling the Yellow- 
stone a basin of considerable extent was produced. The extrusions which 
followed in the Tertiary so nearly filled this basin that there is, instead, 
an elevated, rough plateau. The most important extrusive rock in the 
Park is rhyolite. The beds of this fehitic- rock are in places certainly 
three thousand feet thick, and the plateau, with a size of approximately 
fifty by forty miles, must include at lea^t one thousand cubic miles of 
this extrusive rhyolite, along with other \oleanic rock. 

While the surface of this mass has in general cooled thoroughly, the 
deeper portions have retained a considerable amount of heat. This is 
indisputably demonstrated by the numerous geysers, thermal springs, 
>team \ents, mud pot 5 ?, fumaroles, and warm areas. At least four thou- 
sand thermal springs (of various types) are present — averaging about one 
to each square mile. 

During the Pleistocene extensne glaciation took place, and with the 
erosion that has continued since the final extrusions marked changes ha\ e 
been produced in the topography. The many lakes (Yellowstone, Heart, 
Lewis, Shoshone, etc. ) and the numerous glaciated valleys are particularly 
characteristic of the former, while the oamons and uorn mountains are 
largely due to the latter cause. 

The greater part of the Yellowstone is forested, and in general, signs 
of pre\iou« \oleanism are well buried. 

Algological Sttoies in the Yellowstone 

The great abundance of Hyxophyceae in the thermal springs has been 
such a striking feature that all who have written of the Yellowstone 
have mentioned or commented on it. Even the earliest accounts of the 
Park described the brilliant vari-eolored growth of gelatinous material 
uo\eriim the ^\et rock, suits and bottom** of the spring* pools, and the 
slopes and runoff* of the geysers. A. II. Edwards (1872) described 
rather briefly some of these growths and incrustations, especially in the 
geyser basins. He gave no data on the algae present and believed part or 
all of the alual Growth was some bizarre form of silica. Up to almost 
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1890, the more frequently expre>sed view was that the majority of the 
material was non-living. 

Walter \\\ Weed (1889a, 1889b, 1889c) has given accounts of the 
Yellowstone from se\eral angles. Primarily a geologist, Weed was in- 
terested in the algae, especially in their relationship to deposition. His 
descriptions of the spring and geyser formations are quite full, and 
analyses of the waters, made under his direction, cast light on the ecology 
of the springs. He pointed out the important geological role of the algae, 
and recognized them as chiefly blue-greens. In the geyser basins, he re- 
marked on the importance of Calothrix gypsophila ( Dichothrix gypsophila 
(Kiitz.) B. & F.) or its juvenile form Mastigonema thermale ( Calothrix 
thermalis (Sehw.) Hansg.) (!) in depositing sinter. He also mentioned 
specifically Leptothrix ( Hypheothrix ) laminosa, (Plionnidium laminosum 
(A g. ) Gom.). He considered the algal sheaths to be composed of silica. 
(Undoubtedly the sheaths of certain Myxophyceae contain some hydrated 
silica, but the quantity is usually very small, and does not affect the 
presence and absence or nature of the sheath or matrix. Incrustation and 
impregnation with silica are quite different from the sheaths actually being 
of silica). The abundance and variety of diatoms in the cooler waters, 
especially in the “diatom marshes, v as described by him. have no par- 
ticular bearing here. In a later paper (1891) he discussed more fully the 
geological work of algae and mosses, with some emphasis on the Yellow- 
stone. Later he collected other algae, which were reported by Tilden. 

Hiss Josephine Tilden (1897, 1898) collected in the Yellowstone in 
1896 and 1897. Additional data were given by her in the American Algae 
[Exsiccatae] over a period of several years; and still later (1910) she 
summarized the data on Yellowstone Myxophyceae and made certain 
changes in her records. The results of her work were not particularly 
satisfying. She reported several species of Myxophyceae, giving for them 
mostly definite localities and some data as to the temperature at which 
they occur. Some of her records are in need of confirmation and others 
of revision. Several of her observations are deserving of a detailed dis- 
cussion. This will be undertaken with the several species later in the 
paper. 

B. M. Davis (1898), after studying the thermal flora in the Yellow- 
stone for a rather short period, clearly recognized the problems presented 
there. The majority of his observations were on the springs at Mammoth, 
although he was acquainted with the geyser basins and studied them as 
well. In making statements or drawing conclusions he was quite con- 
servative and careful. As a result his paper was decidedly reliable as far 
as it went. He stated that 85° C. was not far from the upper limit of 
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life in the springs. At Mammoth, where corded white streamers grow- 
ing in and around the vents of the springs are conspicuous, he showed that 
these are composed of living organisms, imbedded in a jelly, and sur- 
rounded with an abundant sulphur deposition. The organisms, rather 
variable in form, he thought possibly were Bacilli. He noted the growth 
of Phormidium at temperatures up to 75° C. At the Grand Prismatic 
Spring, Midway Basin, he noted SpimUna in quite hot water, and Ana- 
baena in cooler water. He did not attempt to place specifically the algae 
studied. Some of his drawings could, with little chance for error, be re- 
ferred to definite species. 

Paul Eichter (1898) described two new species of Myxophyceae from 
Yellowstone material : Calothrix calida and Calothrix Kuntzei — both from 
“geysers in Yellowstone.” He stated that C. calida grew at a temperature 
of 62.5° C. The temperature, I believe, is higher than any species of 
Calothrix ever tolerates. 

W. A. Setchell (1903) gave the results of a careful and accurate study 
of the thermal limits of algal growth and of life in the Yellowstone. His 
results are presented below: — 

Calcareous waters Silicious waters 


Living organisms 70-71° C. 89° C. 

Blue-green algae 60-63° C. 75-77° C. 


He noted the presence of “unicellular forms peculiar to thermal waters” 
in the hot springs, but did not elaborate on them. Practically no men- 
tion was made of the species present. 

Prat (1929) described the new species Plectonema yellowstonense, from 
Mammoth, growing on Ohara , in tepid water ; Oscillatoria Ulrichii , from 
Mammoth ; Symploca Nemecii > from Mammoth ; and Phormidium yellow- 
stonense , from Mammoth, the last three growing in a lime deposit of 
certain springs. He also noted the presence of Polychlamydum calcicolum 
KufiE. in certain springs of the same region. 

The algae of hot springs in other parts of the world have been studied 
to a variable degree. In Europe and northern Africa the thermal Blue- 
greens have received the most attention and are reasonably well known. 
Those of Iceland have been studied by several algologists, including G. S. 
Vest and Boye Petersen. However, the Yellowstone contains more hot 
springs than all of Europe, Africa, and Iceland combined, and its thermal 
flora is unquestionably larger and more varied than that of all Europe 
and Africa. 

The present study was begun in the summer of 1928, and has included 
field study from then until 1934. Extensive collections of material have 
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been made and are the basis for the taxonomic and morphological phases 
of the -work. The majority of the collections are preserved in fluid ; several 
species have been studied in pure cultures, and preliminary identification 
was carried on in the field. The field studies have been limited to the 
summer seasons. All determinations of acidity, temperature, and abund- 



Fig. 1. — Map of the YeUowstone National Park, showing the location of the 
more important hot spring groups. 

ance were made at the sites studied. Temperatures were recorded with 
thermometers tested both before use and at the end of the season, and are 
corrected to the nearest 0.1° C. The pH. determinations were made with 
the use. of both electrometric and colorometric apparatus. Types of new 
species and varieties are deposited in the Herbarium of the Hew York 
Botanical Garden. 
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SURVEY OP THE YELLOWSTONE HOT SPRINGS 


The greater portion of the important springs occur in a few large 
groups, of which the Mammoth Hot Springs, Lower Geyser Basin, Upper 
Geyser Basin, and Xorris Geyser Basin are the largest, most spectacular 
and accessible. The last three mentioned are notable in including geysers 
— erupti\e hot springs. The Mammoth Hot Springs are notable for the 
terraces they have built up. Less important spring groups and isolated 
springs are numerous. In the following list are included only those 
springs and thermal sites studied in the course of the present investiga- 
tion. It will be noticed that the list is far short of including the four 
thousand odd springs in the Part. Where such data were recorded, the 
temperature and the acidity or alkalinity at the vent are given. In many 
cases it was physically impossible to determine such facts since the vent is 
inaccessible either because of its position or the high temperature of the 
water around it. In other cases the unavoidable damage to the spring 
formations in reaching the vents made it impractical and undesirable to 
obtain that information. Since conditions at the exact points where the 
algae were growing was of immediate interest, and the conditions at the 
vent of secondary interest, no systematic attempt was made to collect such 
information. In general, algae were taken for examination from several 
6ites in each spring in order to determine their thermal range and to make 
certain that as nearly all species present as possible should be collected. 
This in some ca^es imol\ed as many as forty collections from a single 
spring. 


Mammoth Hot Springs (Elev. cir. 0.500 ft.) 


Hymen Terrace 73.0° 0. 

Cleopatra Terrace 69.2° C. 

Diana Terrace 67.4° C. 

Minerva Terrace 68.3° C. 

Jupiter Terrace 73.0° C. 

Mound Terrace 71.0° C. 

Main Terrace 09.8° C. 

Blue Springs 73.0° C. 

Canary Spring 74.0° C. 

The Esplanade 

Narrow Gauge Terrace 70.0° C. 

Angel Terrace 72.5° C. 

White Elephant Back 63.0° C. 

White Elephant Grottoes. 1 49.0° C. 

White Elephant Grottoes, 2 42.8° C. 

Orange Spring Mound 

Orange Spring Mound, Jr 60.0° C. 


pH. 6.50 
pH. 6.55 
pH. 6.55 
pH. 6.50 
pH. 6.45 
pH. 6.50 
pH. 6.50 
pH. 6.45 
pH. 6.45 
pH. 6.55 
pH. 6.55 
pH. 6.55 
pH. 6.60 
pH. 6.55 
pH. 6.75 


pH. 6.40 
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Stygian Caves 34.0° C pH. 

Sunken Springs 52.0° C pH. 

Soda Spring, at Mammoth (Elev. cir. G,600 ft. t 

Soda Spring 30.0° C pH. 

Boiling River Group (Elev. eir. 5,700 ft. \ 

Boiling River 54.0° C pH. 

Riverside Cone 53.5° C pH. 

Boiling River Cave 30.2° C . 

Boiling River Cave Spring 53.4° C pH. 

Meadow Springs Group, one half mile north of Roaring Mountain (Elev. 
7,500 ft.) 

Sixteen unnamed springs : 

No. 1 34.S°C dH ' 


No. 6 51.2° C. 

No. 7 55.0° C. 

No. S 62.5° C. 

No. 9 62.0° C. 

No. 10 SS.5°C. 

No. 11 91.4° C. 

No. 12 85.2° C. 

No. 13 69.5° C. 

No. 14 63.5° C. 

No. 15 62.2° C. 

No. 16 41.5° C. 

Bijah Spring Group (Elev. cir. 7,500 ft. > 

Bijah Spring 78.5° C.. 

Two unnamed springs : 

No. 1 47.2° C. 


Semi-centennial Geyser Region (Elev. cir. 7.500 ft.) 

Semi-centennial Geyser 

Obsidian Creek, 1 

Obsidian Creek, 2 

. 70.8° C.... 

. 37.5° C.... 

. 42 3° C . . 

... pH.4.50 
... pH.2.S0 
pH 3 10 

Roaring Mountain (Elev. cir. 7,300-7,900 ft.) 

Four unnamed springs on slope of mountain : 

No. 1 

8S0° C 

pH 445 

No. 2 

79.2° C 

tVRT 4- fin 

No. 3 


• • • J/JUL* **Uu 

No. 4 



Roaring Mountain Pond 

22.2° C.... 

... pH.4.50 

Lemonade Creek 

Frying Pan Group (Elev. cir. 7.400 ft.) 

Frying Pan 

26.1° C.... 

. .. pH.3.80 


Five small unnamed springs : 
No. 1 



ia 


ANNALS NEW YORK ACADEMY OF SCIENCES 


No. 2 

No. 3 

No. 4 

No. 5 

Norris Junction (Elev. cir. 7,500 ft.) 

Unnamed spring 

Norris Geyser Basin (Elev. cir. 7,400 ft.) 

Arsenic Geyser 

Apple Green Geyser 

Iris Spring 

Emerald Spring 

Orpiment Spring 

Verma Spring 

Green Dragon Springs 

Hydroplane Springs 

Seven unnamed springs : 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

Elk Park (Elev. cir. 7.500 ft.) 

Large “Unnamed Spring” 

Small unnamed spring 

Chocolate Pots (Elev. cir. 7,400 ft.) 

Five individually unnamed springs : 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

Artist’s Paintpots ( Elev. cir. 7,500 ft.) 

Swimming Pool Spring 

Orange Paintpot 

Sinter Gravel Seep 

Eleven unnamed springs : 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 , 

No. 10 

No. 11 


89.4° C pH.5.20 


40.0° 0 pH.6.30 

91.0° 0 pH.3.80 

89.0° 0 pH.4.55 

74.0° 0 pH.4.40 

81.0° C pH.4.60 


pH. 4.70 


93.0° 0. 
90.2° C. 
76.0° C. 
31.0° C. 


pH. 7.20 


63.0° C pH. 8.15 

59.0° C. pH.8.15 


56.6° C pH.6.20 

55.2° C. pH.6.60 


37.3° 0 pH. 8.40 

93.8° C 

39.4° C 

50.0° C pH.7.95 

63.8° C pH.8.30 

91.1° C pH.8.35 

90.0° C 
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Monument Geyser Basin (Elev. cir. 7,900 ft.) 

Monument Geyser 84.0° C. . 

Sulphur Spring 90.0° C.. 

Brimstone Pool 81.0° C.. 

Bacon Fumarole 114.0° C. . 

Two unnamed springs : 

No. 1, alum seep 29.0° C.. 

No. 2 

Gibbon Canyon Springs (Elev. cir. 6,900 ft . ) 

Beryl Spring 92.0°C.. 

Madison Junction Region (Elev. cir. 6,800 ft.) 

Terrace Spring 

Twin Buttes Region (Elev. cir. 7,400 ft.) 

Imperial Geyser Crater Spring 89.0° C.. 

Seep in Imperial Geyser Crater 45.6° C. . 

Fumaroles near Imperial Geyser 104.0° C.. 

Mudpots near Imperial Geyser 93.0° C.. 

Spray Geyser 65.0° C.. 

Fairy Creek Spring 43.0° C.. 

Service Road Spring 03.2° C.. 

Lower Geyser Basin (Elev. cir. 7,200 ft.) 

Ojo Caliente Spring 

Boulder Spring 

Fountain Geyser 92.0° C.. 

Firehole Lake 36.1° C.. 

Black Warrior Springs 

Hot Lake 

Pink Cone Geyser 90.0° C. 

Great Fountain Geyser 96.0° C.. 

Surprise Pool 93.1° C. 

Five Sisters Springs 89.9° C., 

White Dome Geyser 

Midway Geyser Basin (Elev. cir. 7,200 ft.) 

Grand Prismatic Spring 74.0° C. 

Opal Pool 

Turquoise Pool 

Excelsior Geyser Crater 90.0° C. 

Iris Pools 

Tromp Spring 31.0° C. 

Biscuit Basin (Elev. cir. 7,300 ft.) 

Jewel Geyser 92.6° C. 

Black Pearl Geyser 54.0° C. 

Silver Globe Spring 89.0° C. 

Artemesia Geyser 86.0° C. 

Firehole River at entrance of spring overflow 35.9° C. 

Sapphire Pool 93.0° C. 

Upper Geyser Basin (Elev. cir. 7,300 ft.) 

Iron Springs 

Morning Glory Pool 78.0° C. 


pH. 8.00 
pH. 5.30 
pH. 4.60 


pH. 3.00 


pH. 8.80 
pH. 8.40 


pH. S.SO 
pH. 8.30 


pH. 8.30 


pH. 8.20 
pH. 8.40 

pH. 8.10 
pH. 8.20 
pH. 8.10 
pH. 8.30 


pH. 8.45 
pH. 8.55 


pH. 5.20 
pH. 8.75 
pH.8.95 
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Riverside Geyser . 

White Pyramid Geyser Gone 

Punch Bowl Spring 

Black Sand Pool 

Sunset Lake 

Rainbow Pool 

Handkerchief Pool 

Emerald Pool 

Green Spring 

Castle Geyser 

Bijou Geyser 

Mastiff and Catfish Geysers 

Giant Geyser 

White Pyramid Geyser Cone Seep 

Oblong Geyser 

Purple Pool 

Goggles Spring Pool 

Chromatic Pool 

Beauty Pool 

Wave Spring 

Grand Geyser 

Beach Spring 

Lion Geyser 

Old Faithtul Geyser 

Seventeen unnamed springs : 

No. 1 

No. 2 

No. 3 

No. 4 

No. 3 

No. G 

No. 7 

No. S 

No. 9 

No. 10 

No. 11 

No. 12 

No. 13 

No. 14 

No. 15 

No. 16 

No. 17 

Lone Star Region (Elev. cir. 7,700 ft.) 

Lone Star Geyser 

Shoshone Geyser Basin (Elev. cir. 7,730 ft. > 
Eight unnamed springs : 

No. 1 

No. 2 

No. 3 


94.0° C. 


94.4° C pH. 9.15 

93.0° C 1)H. 8.93 


56.5° C pH.S.63 

69.7° C pH. 8.95 

pH.8.70 


pH.8.95 

pH.8.95 

94.0° C 

48.5° C pH.S.SO 

93.0° C 


44.2° C pH. 8.70 

pH.8.95 


49.0° C pH. 8.20 


89.4° C 

94.0° C 

93.6° C 

69.8° C pH.8.63 

44.6° V pH.8.80 

48.3° C pH.9.00 

31.4° C pH. 8.65 

37.0° C pH.9.00 

67.9° C pH.8.35 

88.8° C pH.8.35 

60.1° C pH.8.45 

55.0° C pH.8.90 

37.2° C pH.8.83 

85.7° C pH.8.25 

93.0° C pH.8.50 

84.2° l 1 pH.9.00 

43.8° C pH.9.05 

2S.1°C pH.8.85 

2G.5°C pH.8.90 

90.7° C pH. 8.90 


73.2° C. 
87.7° C. 
34.3° C. 


pH. 7.C0 
pH. 8.00 
pH. 7.55 
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No. 4 

No. 5 

No. G 

No. 7 

No. 8 

West Thumb (Elev. cir. 7,750 ft.) 

Fishing Cone 

Sinter Cliff Seep 

Paintpots 95.1 

Five unnamed springs : 

No. 1 67.0 

No. 2 

No. 3 

No. 4 

No. 5 

Crater Hills (Elev. cir. 7,750 ft.) 

Great Sulphur Springs 91.0 

Eleven unnamed fumaroles and springs : 


62.4° C pH.S.05 


pH. 4.65 


1 

2 

:t 

4 

5 
0 
7 
S 
9 


80.0° 

39.0° 


No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No.::o 

No. 11 

Mud Volcano Group (Elev. cir. 7,750 ft.) 

Dragon’s Mouth Spring 73.0' 

Mud Volcano 86.0° 

Eight unnamed springs and pots : 

No. 1 50.6 c 

No. 2 C7.0 e 

No. 3 

No. 4 

No. 5 

No. 0 

No. 7 

No. S 

Ochre Spring Group (Elev. cir. 7,980 ft.) 

Ochre Spring 36.0° C 

Canyon Group (Elev. cir. 7,100 ft.) 

Three unnamed springs in Yellowstone Canyon : 

No. 1 

No. 2 

No. 3 


C. pH.4.60 

C pH.4.50 


C pH.5.05 

C pH.5.00 


pH. 6.00 
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Lewis Lake Region (Elev. cir. 7,750 ft.) 

Five unnamed springs : 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

Several miscellaneous and mostly unimportant springs. 

Total over 220 springs. 


The temperatures found in the springs should be interpreted by com- 
parison with the boiling point of water at the elevation of the springs 
(between 6,000 and 8,000 ft.), rather than with 100°G. The boiling 
points of water at various altitudes are listed below. 


6.000 ft. 
6,400 ft. 
6,800 ft. 
7,200 ft. 
7,600 ft. 

8.000 ft. 


93.5° C. 
93.0° C. 
92.5° 0. 
92.0° 0. 
91.5° C. 
91.0° C. 


Of the springs not included in this study, those of the Heart Lake 
region, and the groups around the southern slopes of Mt. Washburn prob- 
ably are the most important. 

The source of water supplying the thermal springs is thought to be 
largely meteoric. This water, after penetrating mostly to no great depth, 
is heated by gases rising from the underlying rock, which is hot and has 
retained a part of its former mineralizing substances. The water is 
charged with any gases that are brought in contact with it and with any 
substances encountered on the way to the surface. Consequently, depend- 
ing on the substratal nature, the springs vary greatly in their chemical 
composition. 


DESCRIPTIVE LIST AND KEYS 

MYXOPHYCEAE Wallroth 

Fl. crypt German., IV, 1833 (Myxophykea). 

Stitzenberger in Rabenhorst’s Algen Sachsens, 1860. 

Syn. : Gloeosipbeae Kdtzing, Pbyc. gen., 1843. 

Cryptophyceae Thuret In LeJolis’ Liste Alg. Cherbourg, 1863. 
Phycochromophyceae Rabenhorst, Fl. Europ. Alg., II, 1865. 

Cyanopbyceae Sacks, Lehrbuch der Botanik, 4th ed., 1874. 

Schizophyceae Cohn, Jahrbuch. Ges. f. vaterl. Cultur, 1879. 

TJniceUular, colonial or multicellular algae, of variable color and appearance. 
Protoplast without differentiation into nucleus and cytoplasm, without chro- 



COPELAND, YELLOWSTONE THERMAL MYXOPHYCEAE 


17 


matophores ; with differentiation into outer pigmented chromatoplasm, and 
inner colorless central body. Vacuoles rare; pseudovacuoles present in mostly 
planktonic forms. Pigments chlorophyll, phycocyanin, phycoerythrin, and 
sometimes others; color of protoplast: blue-green, olive-green, golden, or less 
often rose, violet, golden-green or yellow-brown. Cell wall occasionally thin 
(without sheath or matrix) but usually gelatinized in outer portions (with a 
sheath or matrix) and very thick, colorless or golden, brown, yellowish, or 
sometimes reddish, blue, or violet Motility often possessed by the thin- 
walled filamentous types, of a gliding or rarely undulant nature ; mechanism 
of movement not understood, visible flagella or protoplasmic extrusions absent ; 
planococci often produced by thick walled (integumented) species; non- 
filamentous colonies rarely motile. Food storage product glycogen or glycogen 
compounded with some protein ; starch absent. Nutrition usually holophytic ; 
less often saprophytic, parasitic, sapropeltic, or prototrophic. Cell division 
direct, either binary or rarely by multiple sporulation, or unequal with the 
formation of cells of unlike size ; the new wall pinching in from the periphery 
of the cell. Fission usually transverse to the polar axis, rarely longitudinal. 
Multiplication through simple fission, exospores, endospores, nannocysts, 
planococci, gonidia (resting cells), rarely heterocysts, or usually through 
fragmentation of the plant body into definite (hormogonia) or indefinitely 
formed portions or into single cells. Encystment occurs in the hormocysts 
(many celled, heavily sheathed “hormogonia”), in the resting cells (the 
so-called •‘spores” or “gonidia,” etc.) or in apparently unmodified filaments 
or cells. Sexual processes absent. Habitats varied, including: fresh water, 
planktonic or benthonic, attached or free; damp soil, rocks, bark, and the 
like; salt water, mostly in the intertidal zone, or at the surface and often 
planktonic; brackish water; supersaline water and marshes; hot and warm 
springs ; sulphur springs ; frequently symbiotic, in certain lichens, green algae, 
fungi, liverworts, water ferns, cycads, flowering plants; often attached to 
various plants and animals. Distribution cosmopolitan, with many cos- 
mopolitan species. 

The Myxophyceae on the whole are quite sharply separated from all 
other organisms. In cellular structure they are far simpler than the 
other algae. Nevertheless, there are certain other groups with which, in 
some cases, there is considerable difficulty in drawing a sharp line of sep- 
aration. The close or overlapping groups are the Bangiales, Cyanochlor- 
idineae, Spirochaetales and the groups of Sulphur and Purple Bacteria. 
In the Yellowstone the first two present no problems; the Spirochaetes 
and the more or less independent Bacteria are in a few instances quite close 
to certain blue-greens. 

The two organisms described by Lagerheim (1892) from Quito, 
Ecuador, as Glmcospira agilissima and G. tenuior combine characters of 
the Myxophyceae and of the Spirochaetales. They have a Spirochaete-like 
locomotion and the flexible membrane characteristic of the same group ; 
on the other side they are blue-green in color and are photosynthetic. As 
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far as is known, their protoplasts might be moderately typical of either 
group. Concer nin g them Geitler (1925) states: “Vielleicht handelt es 
sich gar niclit um Cyanophyceen,” but at the same time he follows 
KiTclmer in including them in Spirulina Turp. In the Yellowstone I 
have found a species that is quite close to, but distinct from, those of 
Lagerheim. I am reviving the genus Glaucospira and placing the species 
in it. At the same time it would be recognized that, although similar in 
superficial appearance to Spimlina, the two genera are not at all close. 
Except for the rigid distinction between Algae, and Fungi plus Bacteria, 
Glaucospira might be placed in the Spirochaetales. 

The distinction between the Sulphur Bacteria, Purple Bacteria, and 
Myxophyceae is in part none too clear. The rose-colored “blue-greens” 
and the purple to rose-colored holophytic or partially holophytie Bacteria 
are separated by poorly defined features. Certain of the filamentous blue- 
greens are practically devoid of chlorophyll and approach closely such 
genera as Thiothrix Winogr. I have attempted to follow as closely as 
possible the conventions in placing such forms. 

The thermal and semi-thermal Yellowstone representatives of the 
Myxophyceae are numerous and include members of all three orders and 
of all the important families. In all, fourteen families and fifty-two 
genera have been found there. This constitutes the largest assemblage 
of genera of the group ever reported from any area of comparable size 
on the earth, and at the same time does not include many species that 
inhabit waters of low or normal temperatures. Undoubtedly if the non- 
thermal habitats of the same region were carefully studied, many or at 
least several others would be added. Among these genera that are to be 
expected there are such common ones as: Mens moped la, A mphithrix, 
Petalonema , Aphanizomenon, Nostochopsis, and Romoeothrix. It is 
notable that the Yellowstone springs house several genera not known else- 
where in Xorth America. The large number of endemic species has 
necessitated the description of a number of new forms. 

The taxonomic handling of the Myxophyceae in the preparation of this 
paper has been greatly accelerated by the very useful manuals written by 
Dr. Lothar Geitler (1925, 1930-32). 

Key to the Obdebs 

I. Intercellular protoplasmic strands (plasmodesma) absent; heterocysts ab- 
sent ; plants uniceUular or colonial, rarely filamentous. 

1. Endospores and exospores absent; resting cells, nannocysts and piano- 
cocci often present ; cells without base-apical differentiation, or with such 
and united into free spherical colonies Chboococcales (p. 19) 
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'A Endosijores or exospores present; cells and colonies often attached and 

with base-apical differentiation Chamaesipiionales (p. 6S) 

II. Intercellular protoplasmic strands (plasmodesma) present; plants fila- 
mentous; heterocysts present or absent; resting cells frequent 

OSCILLATORIALES ( p. 7S) 

CHROOCOCCALES Wettstein 
Handbuch der syst. Botanik, 3rd ed., 1924 
Key to the Families 

I. Plants unicellular or colonial, cells never united into filaments or pseudo- 

filamentous cell rows Chroococoaceae (p. 19) 

II. Cells arranged in pseudo-filamentous rows or in filaments, or cells in tips 

of gelatinous strands Entophysalidacjeae (p. 64) 

CHROOCOCCACEAE Naegeli 

emend. Geitler, Synopt. Darst. Cyan., Beih. Bot. Centralbl , pt. 2, p. 41, 1923. 

Key to the Yellowstone Genera 
1. Cells spherical, ovoid, or cylindrical with rounded ends. 

1. Ample tegument present, often not easily seen without staining. 

A. Cells of the colony few, or many, and without regular orientation. 

a. Colony not becoming transformed completely into resting cells at 
maturity ; no definite special outer membrane to colony. 

' . Cells not individually encapsulated : matrix homogeneous. 

!. Cells closely arranged. Microcystis (p. 20) 

! !. Cells loosely arranged. 

#. Cells spherical. Aphanocapsa (p. 21) 

3#. Cells elongate. 

x. Colonies of many cells. Aphanothece ( p. 24) 

xx. Colonies few-celled. Rhabdodebma (p. 44) 

* *. Cells individually encapsulated, matrix more or less differentiated. 
!. Cells spherical. 

#. Tegument loose, cells soon becoming spherical after 
fission. Gloeocapsa (p. 29) 

#j£. Tegument close, cells remaining flattened on adjacent 
faces. Chroococctjs (p. 30) 

! !. Cells elongate. 

#. Matrix mostly homogeneous, not concentrically lamellate. 

Aphanothece <p. 24) 

ftp. Matrix mostly lamellate, often very obscurely so. 

Gloeothece (p. 20) 

b. Colony becoming transformed completely into resting cells at 
maturity; definite special outer membrane around colony. 

Anacystis (p. 46) 

B. Cells of the colony numerous and arranged around the periphery of 

Coelosphaerium (p. 45) 
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2. Tegument none or very thin and invisible. 

A. Cells spherical. Synechocystis (p. 47) 

B. Cells elongate. Synechocoocus (p. 49) 

II. Cells spindle-shaped, tapering at one or both ends. 

Dactylococcopsis (p. G3) 


MICROCYSTIS Ktitzing 
Linnaea, Till, p. 372, 1833. 

Syn. : Anacystk Meneghini, Consp. alg. Eugen., 1837, pro par. 

Polycystis Ktitzing 

Clathrocystis Henfrey, Mic. Joum., LIII, 1856. 

Colonies spherical to elongate, often lobed and irregular, and at maturity 
often clathrate or broken. Cells spherical to elongate, densely packed, usually 
without definite arrangement (in M . merismopedioides Fritsch in three dimen- 
sional rows), enclosed in a mostly homogeneous matrix. Cell contents often 
with pseudovaeuoles. Cell division in one to three planes. 



Fig. 2 . — Microcystis protca (X500). 


The majority of the species of Microcystis are planktonic, and several 
form water-blooms ; a few are attached or benthonic. They occur in fresh 
water, less often in brackish and salt water, and infrequently on damp 
soil. Certain species are sapropeltic. There have been no previous records 
of Microcystis from thermal sources. 

A single Yellowstone species. 

1. Microcystis protea, sp. nov. 

Plants mixed with other algae, especially gelatinous Myxophyceae. Colonies 
formless, lobed and irregular or occasionally, when small, almost spherical. 
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margin often indefinite, up to 200 jx in greatest dimension, but mostly under 
50p. Cells spherical, without order, crowded (less so in small colonies), pale 
blue-green, l.G-1.3n in diameter, average distance between cells fa cell diameter. 
Cell contents homogeneous; pseudovacuoles absent. Matrix homogeneous, 
hyaline, almost invisible. 

21. protea is close to M. parasitica Kiitz. From it M. protea differs in 
having smaller cells, a less regular form, and by growing endophytically 
in masses of algae rather than epiphytically. 

The commonest habitat for M. pi'otea is among species of Phormidium 
and of Oscillatoria , either well buried or, when in the shade, near the sur- 
face. It has been found only in the Mammoth Hot Springs at tempera- 
tures of 31°-44° C., and at acidities of pH. 6.9-7.85. It has been found 
to be constantly rare, and is known from but few springs : White Elephant 
Grottoes (type : OS35), Stygian Caves, Angel Terrace, and Diana Terrace. 

ArHANOCAPSA Naegeli 
Gattungen elnzelliger Algen, p. 51, 1849. 

Cells spherical or subspherical, united into formless, or less often, spherical 
to hemispherical soft gelatinous colonies or indefinite masses, often of con- 
siderable size or extent. Matrix gelatinous, mostly homogeneous and mostly 
hyaline, often with the individual sheaths somewhat incompletely confluent 
and indistinct but visible. Cell contents usually without pseudovacuoles. Cell 
division in three planes. 

The species of Aphanocapsa live on damp soil and rocks, in fresh, 
brackish, and salt water, either planktonic or attached. A few species 
are endophytic in the matrix or strata of other Myxophyeeae; a few are 
endolithic. A single species, A . thermalis Briigg, has been reported from 
thermal waters. 

Key to the Yellowstone Species 

I. Cells 0.6-0.8fx in diameter, blue-green. A. Tolliana 1. 

II. Cells 1.8-2.1|x in diameter, pinkish. A. ’boti'yoides 2. 

1. Aphanocapsa Tolliana, sp. nov. 

Colonies microscopically small, formless, spreading, often confluent, very 
pale blue-green, and often almost colorless; in slime of other algae. Single 
colonies up to 30 or 40p in their greatest diameter, masses np to 400p or more. 
Cells rather loosely arranged in a homogeneous, hyaline, almost invisible 
matrix, separated on an average by more than two diameters ; cells spherical, 
0.6-0.8(x in diameter, pale blue-green. 

A. Tolliana is close to A . delicatissima W. et G. S. West. From it 
A. Tolliana differs in having a much less definite form, in having slightly 
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larger cells, a constantly hyaline and for the most part difficultly visible 
matrix, and in growing attached rather than planktonic. The two species 
are very readily separated. 

While never abundant, A . Tolliana is found in most of the Mammoth 
Hot Springs. It has been recorded from Orange Spring Mound, Jr. 
(type: no. 77), Orange Spring Mound, White Elephant Grottoes, Angel 
Terrace, Jupiter Terrace, Minerva Terrace, Diana Terrace, Main Terrace, 
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Fig. 3. — Aphanocapsa Tolliana , upper, 
smaU colony (X!000) ; lower, large 
colony (X500). 


Mound Terrace, The Esplanade, Narrow Gauge Terrace, and Hymen 
Terrace. It has been found in water at temperatures from 31°-59° C., 
at acidities from pH. 6.45 to pH. 7.0. In most of the collections in which 
it was found, it was occasional to rare, growing usually with Phormidium 
laminosum (Ag.) Gom., Phormidium purpurascens var. laminatum (of 
this paper), and Spindina labyrinthiformis Menegh., along with other 
incidental forms. The type was at 58° C. and pH. 6.7. The species is 
able to live well within the limits of truly thermal conditions. 
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2. Aphanocapsa botryoides, sp. nor. 

Stratum extended, formless, attached to rocks in shallow water, gelatinous 
and often firm and membranous, salmon-red to pink in color, made up of 
numerous, incompletely confluent, minute colonies. Colonies spherical to form- 
less, united into botryoidal clusters, often inclosing lime crystals, individual 
colonies up to 35jx in diameter. Matrix hyaline, homogeneous, often difficultly 
visible. Cells spherical to very short-ellipsoidal before division, close to 
moderately loose in position, without definite orientation, pink to pinkish 
green in color (blue-green in formalin preserved material), 1.8 to 2.1 p in 
diameter. Cell contents finely granular, without pseudovacuoles. 



Fig. 4 — Aphanocapsa "botryoides , cluster of three colonies, 
inclosing lime crystals (X2400). 

This species is quite distinct from all other members of the genus. The 
pinkish color is unique in the genus, and A . botryoides may be easily 
distinguished on morphological bases as well. 

The alga has been found in a single site only. This situation, a small 
pool in the White Elephant Grottoes, Mammoth Hot Springs, is in 
moderate shade. The stratum of the plant covered the entire bottom of 
the pool ; in part the growth was almost pure, in part it was mixed with 
other Myxophyceae, especially Spirulina labyrinthiformis Menegh. The 
type (no. 98) was at 42.8° C. and pH. 6.75; the extremes encountered 
by the alga in the pool were 39° C. and 54° C.; the acidity was almost 
constant. 
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APHANOTHECE Naegeli 

Gattungen einzelliger Algen, pp. 59-60, 1849. 

Cells elliptical to cylindrical with rounded ends, straight or curved, united 
in large numbers into formless or spherical to hemispherical soft gelatinous 
colonies or ind efin ite masses, often of considerable extent or size. Matrix 
gelatinous, homogeneous or with individual sheaths distinct or partially con- 
fluent, individual sheaths sometimes lamellate, hyaline to yellowish brown, 
rose, or violet. Cell contents usually without pseudovacuoles. Cell division 
always at right angles to the long axis of the celL 

The species of the genus inhabit a variety of situations. Several live 
on moist rocks, damp soil, etc. ; many in fresh water, either planktonic, 
floating, or attached to plants or the bottom, or lying loosely on the bot- 
tom; a single species is regularly marine. A . nidulans var. ther mails 
Hansg. and A . bullosa (Menegh.) Babenh. occur in thermal springs : 
Europe (Italy), Asia (Japan), and Africa. 

Key to the Yellowstone Species 

I. Individual sheaths completely confluent; stratum colorless to yellowish; 

cells without prominent polar granules A, saxicola 1. 

II. Individual sheaths distinct ; stratum pale blue, pale green, grayish, pinkish, 
or violet ; cells mostly with prominent polar granules. A . caldaHorum 2. 

1. Aphanothece saxicola Naegeli 
Gattungen einzelliger Algen, p. 60, 1849. 

Stratum slimy gelatinous, formless, colorless or yellowish. Cells cylindrical 
with rounded ends, 1-2^ in diameter by 2-3 diameters in length, single or in 
pairs, less often many in a homogeneous slimy matrix. Cell contents homo- 
geneous, blue-green. 

Although A . saxicola is widely distributed, it is not especially common. 
It has been reported in North America from Massachusetts (Collins), 
floating among other algae in Horn Pond, near Woburn; from California 
(Osterhout), growing on the walls of a reservoir; from Missouri 
(Drouet) ; and from British Columbia (Taylor), in alpine pools. 

In the Yellowstone, I have found the species in a small pool on the 
slope of Electric Peak, and in thermal water in the Lower Geyser Basin. 
In the latter region, it was an incidental to abundant form in the bottom 
(algal) crust of Firehole Lake. The temperature of the mass of algae 
was 36° C. while the water itself was slightly warmer, about 36.4° C. ; the 
pH. of the water was 8.3. Eirehole Lake, a good-sized, warm, spring-fed 
pond, has a basal crust of living algae 1-2 cm. thick. The commoner 
species in this crust were Lyngbya subspiroides (of this paper), Aphano - 
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tliece saxicola , Synechococcus Minervae var. maior (of tMs paper ), and 
Phormidium laminosum (Ag.) Gom. A. saxicola lias not been found in 
similar associations elsewhere in the Park, although it may have a wider 
range of thermal habitats than is indicated. 


2. Aphanothece caldabiorum P. Richter 
Hedwigia, p. 192, 1880. 

Syn. : Aphanothece muralis (Tomasch.) Lemm. 

Aphanothece caldariorum var. muralis (Tomasch.) Hansg. 

Aphanothece caldariorum var. cavemarum Hansg. 

Stratum either soft gelatinous to somewhat slimy and extended, or firm 
gelatinous and verrucose or roughened on the surface, up to 1 cm. or more in 
thickness, pale bluish, greenish, pinkish, or violet. Cells cylindrical with 
rounded ends, lightly curved to “S” shaped, often straight ; 1.8-3^ in diameter 
by up to 6 diameters in length, up to 12\l long; usually with distinct, often 
lameUate individual sheaths. Cell contents pale blue-green to almost colorless, 
mostly with prominent polar granules. Matrix hyaline, pale violet, flesh- 
colored, or yellowish. Nannocysts produced by division in three planes, 
cir. O.S-l.Oji in diameter by l-1.5jx long. 

The several synonyms listed above represent in part, at least to the 
authors, distinct forms. The several forms seem to intergrade com- 
pletely and to be separated mostly by ecological characters. I consider 
them as complete synonyms. A . caldariorum is known from moist, shaded 
rocks, from near the entrance of caves, and from the windows of green- 
houses. IJp to now, the species has not been reported either from North 
America or from thermal situations. 

In the Yellowstone its range is very limited. I have found it only 
in the Boiling River Cave, between Gardiner and Mammoth. Here it 
was growing on the damp walls and roof of the poorly illuminated passage 
formed by a now extinct spring. The Boiling River Cave is so named 
because it is very close to the Boiling River, and has in it, out of sight 
and inaccessible, the stream of hot water that emerges as the “River.” 
The stream of hot water, deep below the part of the cave that can be 
reached, gives off hot, humid carbon dioxide containing vapor that fills the 
cave. The walls and roof are literally always wet deep in the cave, and 
are uniformly moist near the mouth. The temperature, while not ex- 
cessive, is high — from 39° C. to 26.8° C. — the former as far back and 
down as I was able to go ; the latter at the mouth. The cave is not only 
unpleasant to collect in, but in addition to its similarity to a turkish bath, 
the air is barely, or not at all, able to support ordinary animal life. For 
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quite an extensive area just within the entrance and mostly on the roof 
there was a fine growth of A . caldariomm . Near the entrance, where the 
light was moderate (cir. 26.8° C.) and the water supply scant, the growth 
was a clear amethyst color. A little farther back (cir. 29° C.), where the 
light was barely strong enough to enable one to read ordinary print and 
the walls were wet, the growth was pink to flesh-colored. At the extreme 
limit of growth (cir. 34° C.), where artificial illumination was needed in 
collecting, the air was f oggy and the walls and roof dripping wet ; here the 
algal stratum was pale grey to almost colorless. 

The material collected in the Boiling River Cave was almost a pure 
growth ; it gave a wide range in color and texture of the stratum but was 
unquestionably a single form. It was producing nannoeysts in such pro- 
fusion that in places few vegetative cells could be found. In some places 
the stratum of the alga was 3 cm. thick, and the surface was so uneven 
that it formed rudimentary stalactites. ( Other Myxophyceae were present 
but not greatly mixed with the A. caldariorum .) 

The ability of an alga to grow in such feeble light as the Boiling River 
Cave admits is an interesting tribute to the satisfactory nature of the 
other conditions. The uniform moderately high temperature, the regular 
humidity, the high carbon dioxide content, and the absence of competing 
species produce an almost ideal situation for the plant. 

Several other spring craters and passages in the same vicinity offer an 
excellent site for careful investigation. It is probable that a gas mask 
and oxygen tank will have to be included in the equipment of the in- 
vestigator. In the Boiling River Cave it was necessary to come out for air 
and to cool off every few minutes. There were in the cave the bones of 
several animals apparently killed by the unsatisfactory atmosphere. 

GLOEOTHECE Naegeli 
Gattungen einzelliger Algen, p. 57-59, 1849. 

Cells elipsoidal to cylindrical with rounded ends, straight or curved, in 
small colonies or indefinite often extensive strata. Individual capsules loose, 
homogeneous or lameUate ; matrix concentrically arranged around cell groups, 
loose, homogeneous or lamellate, colorless to golden or brown, blue, violet, 
or rarely reddish. CeU division at right angles to the long axis or in more 
actively dividing colonies often in three planes. Cell contents usually blue- 
green ; pseudovacuoles absent. 

The species of Oloeothece live either in fresh water or more usually 
on moist rocks, soil, and other aerial situations. Thermal habits have 
not previously been noted for the genus. 
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Key to the Yellowstone Species 

I. Cells, without sheaths, less than 3.6^, in diameter. 

1. Cells cylindrical, up to 6 diameters in length. G. linearis 1. 

2. Cells ovoid or very short cylindrical, less than 2% diameters in length. 

G. Goeppertiana 2. 

II. Cells, without sheaths, greater than 3.Gjx in diameter. 

1. Tegument colorless to golden brown, lamellate or not; cells, without 

sheaths, 4-5ji in diameter. G. rupestris 3. 

2. Tegument always colorless, very distinctly lamellate; cells, without 

sheaths, 5-fyi in diameter. G. rupestris var. tepidariormi 3A. 


1. Gloeothece linearis Naegeli 
Gattungen einzelliger Algen, p. 58, 1849. 

Stratum gelatinous, olive-green to dull yellow. Cells mostly single, 1.5-2.5^i 
in diameter by 9-18^ in length, cylindrical, straight, curved or twisted, pale 
blue-green. Individual sheaths colorless, broad, homogeneous, and frequently 
confluent into an amorphous or almost amorphous colonial matrix, often 
almost invisible. 

Growing on moist rocks, in greenhouses on the damp soil or frames, and 
less often in pools or rarely planktonic, G. linea/ris is widely distributed 
and quite common. There are few published records of its occurrence in 
North America. 

In the Yellowstone it occurs quite generally on moist, shaded cliffs. 
In the White Elephant Grottoes at Mammoth it was found on the moist 
rock walls at a temperature of 14° C., slightly warmer than would be ex- 
pected in the absence of some thermal spring influence. It was mixed 
with other Myxophyceae typical of such a shaded situation. A few of the 
species with it are regularly found at higher temperatures. The plant, 
as far as is known, is clearly a non-thermal species, not tolerating even 
warm situations. 


2. Gloeothece Goeppertiana (Hilse) Forti 
in.De Toni, Sylloge Algarum 5, p. 62, 1907. 

Stratum extended, soft gelatinous, blue-green to dull brown. Cells ellip- 
soidal, 2.7-o.2p, in diameter by cir. 2 diameters in length, 4-Sp, long, blue- 
green, mostly 2-4 in a group, less often with many in a single family. Tegument 
colorless, made of concentrically placed layers ; individual sheaths lamellate 
or obscurely so. 

There are few records for G . Goeppertiana. Up to the present it has 
been reported only from moist earth in Europe. In the Yellowstone it 
occurs as an incidental form around the edge of pools and rills in the 
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Lower Geyser Basin. Its known range includes Ojo Caliente Spring, 
Five Sisters Springs runoff, and several unnamed springs in the Lower 
Geyser Basin, and Spray Geyser rill in the Twin Buttes Begion. It has 
been found up to 31° C. and at a pH. of from 8.2 to 9.05. 

3. Gloeothece bupestbis (Lyngbye) Bomet 
in TTittrock et Nordstedt, Algae exsiccatae No. 339, 1880. 

Plant mass extended and olive to blue-green, more frequently poorly 
developed, and mixed with other algae. Colonies mostly of 2, 4, or 8 cells. 
Cells ellipsoidal to cylindrical, 4-5.5 fi in diameter, and up to 3 diameters in 
length, G-15/x long, blue-green. Sheaths colorless or on surface of the stratum 
golden to brown, lamellate or almost homogeneous, often somewhat confluent 
in the interior. 

The usual habitat is on moist to wet rocks and cliffs or soil. It fre- 
quently occurs in greenhouses. In the United States it has been reported 
from San Leandro, California (Osterhout and Gardner), where it was 
found on dripping boards. 

In the Yellowstone, I have found it only in the Bijah Group of Springs, 
growing on the damp vertical sides of fumaroles and pots. In this region 
it was quite abundant within certain temperature limits. The alga oc- 
curred at from 34.5° C. down to 21° C. (the coolest of the pool edges). 
It was abundant from 24° C. to 32° C. The pH. of the damp earth and 
rock it lived on was G.2-6.6. 

3A. Gloeothece bupestbis (Lyngbye) Bomet 
var. tepidabiobum (A. Braun) Hansgirg 
Prodr. Alg. FI. Bohrnen 2, p. 134, 1892. 

Cells 5—6|x in diameter by 8-16^ in length. Sheaths very distinctly lamellate, 
colorless. Otherwise as in the species. 

The variety grows mostly in situations similar to those occupied by the 
species, but only occasionally with it. In the United States it is known 
from Bhode Island, where it was found on the woodwork of a dam 
(Osterhout). 

In the thermal springs of the Yellowstone this variety is much more 
common and widely distributed than the species proper, although at best 
it is an incidental form. It occurs on moist, warm cliffs, rocks, and soil, 
and on damp sinter and travertine quite generally in the cooler ranges. 
Its presence has been noted in the Mammoth Hot Springs : White Ele- 
phant Grottoes (abundant in places at cir. 28° C.), Jupiter Terrace run- 
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off; Boiling River Cave; Twin Buttes Region : edge of stream (31.3° C.) ; 
Lower Geyser Basin: moist rocks near Hot Lake, cliff below spring on 
Nez Perces Creek; Upper Geyser Basin: seeps on Firekole River; and 
elsewhere. 


GLOEOCAPSA Kiitzing 
Phyc. gen., p. 174, 1843. 

Cells splierical, in small colonies, less often in colonies of many; colonies 
single or united into a stratum. Individual capsules loose, homogeneous or 
lamellate; matrix concentrically arranged around cell groups, loose, homo- 
geneous or lamellate, colorless to golden, orange, brown, violet, or reddish. 
Cell division in three planes. Cell contents usually blue-green ; pseudovacuoles 
absent. Nannocysts present in some species. Resting cells often present. 

The species of this large and important genus occur in a wide variety 
of habitats : the majority living on moist or almost dry rocks* soil* etc. ; 
fewer in fresh water* either on the bottom of quiet pools and streams, or 
planktonic ; one or two in brackish water or marine, especially on rocks 
and woodwork in the intertidal zone ; some on moist soil and frames in 
greenhouses; and several in warm springs. The “thermal” species* with- 
out exception* are found only at comparatively low temperatures and are 
probably mostly transitional forms. Five species* up to now, have been 
credited to such warm habitats. G. thermalis Lemm. is known from a 
spring on Mauna Kea* Hawaii (Lemmermann), and a hot sulphur spring 
near Budapest, Hungary (Str0m). G. arenaria (Hassal) Rabenh. is 
known from hot and sulphur springs in Europe, and from non-thermal 
sources in many regions, including several in North America. G. gelaiinosa 
Kiitz. has a rather similar group of sources credited to it, although it is 
less well known in North America. (?. montana Kiitz. occurs widely on 
moist rocks, walls, among mosses, and sometimes in pools or slow streams ; 
the only record of the species from thermal sources is that of Tilden for 
Yellowstone Park. The species is not otherwise credited to North Amer- 
ica. G. violacea (Corda) Rabenh. has been reported from a Yellowstone 
thermal spring by Tilden. Probably her record is to be referred to 
G . compacta Kiitz. 

In this study ten species of Gloeocapsa were found in the Yellowstone 
springs. With the exception of G. compacts, all were incidental forms. 
They occurred quite widely at temperatures of 35° C. and below* and quite 
infrequently above 35° C. They were growing, with few exceptions* as 
terrestrial forms, on the moist edges of springs, on seepv cliffs and rock 
ledges, especially on travertine deposits. 
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Key to the Yellowstone Species 

I. Sheaths colorless even in old exposed colonies. 

1. Sheaths mostly lamellate. 

A. Lamellation of the sheaths indistinct, more or less confluent. 

a. Cells, without sheaths, greater than 3^ in diameter. 

C. arenaria 1. 

b. Cells, without sheaths, less than 3\i in diameter. 

G. gclatinosa 2. 

B. Lamellation of the sheaths distinct. 

a. Cells, without sheaths, less than 5^ in diameter. 

*. Sheaths thick, “wide**. G. fenestralis 3. 

**. Sheaths thin, -‘narrow' 5 . G. montana 4. 

b. Cells, without sheaths, greater than 5ji in diameter. 

G. decort leans 5. 

2. Sheaths mostly homogeneous, not lamellate. G. calcarea 6. 

II. Sheaths pigmented at least in part in older colonies, often colorless when 

young. 

1. Sheaths yellowish to brownish, golden or orange, often colorless in part. 

A. Cells, without sheaths, 1.5-3.0jx in diameter. G. dermochroa 7. 

B. Cells, without sheaths, 6-llpi in diameter. G. rapestris 8. 

2. Sheaths reddish or violet, often colorless in part. 

A. Sheaths orange-red, golden-red, red, or reddish-brown. 

G. stegophila 9. 

B. Sheaths violet. G. compacta 10. 

1. (Jloeocapsa abi.nasia (Hassal) Rabenh. 

Flora Europaea Algarum 2, p. 39, 1865. 

Stratum soft gelatinous, olivaceous, often poorly developed. Cells, without 
sheaths, 3-4.5p, in diameter ; with sheaths, 6-17 jj, ; colonies up to 43^ in diam- 
eter. Capsules spherical or ovoid, thick, colorless, indistinctly lamellate. Cell 
contents finely granular or often homogeneous, blue-green to greenish or 
brownish. 

The majority of the European records for 0 . arenaria credit it to warm 
springs and mineral springs; the records of its occurrence in North 
America are chiefly on flower pots in greenhouses, and on moist rocks. It 
is known from Maine (West), Minnesota (Lilley), Iowa (Buchanan), 
and Nebraska (Saunders). It ha* not previously been recorded from the 
Yellowstone, or from North American hot springs. It occurs quite fre- 
quently in the Mammoth Hot Springs region on wet travertine detritus at 
temperatures up to 27° (A, mostly m alkaline situations between pH. 7.6 
and 8.1. Its presence has been noted in the Stygian Caves, White Ele- 
phant Grottoes, Boiling Rher Caves, Jupiter Terrace, White Elephant 
Back, and Angel Terrace. It was most abundant at quite low tempera- 
tures (cir. 14° C.) and was of little prominence above 20° C. 
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2. Gloeocapsa gelatinosa Kfitzing 

Phyc. gen., p. 174, 1843. 

Stratum firm gelatinous, often mammillate or raised, olive to green, sub- 
merged or on moist rocks. Cells, without sheaths, 2-2.8^ in diameter, with 
sheaths 6.2-lOjx in diameter. Colonies about 25 \i in diameter, or often smaller. 
Sheaths colorless, moderately narrow, lamellate when old, but indistinctly so. 
Cell contents homogeneous, blue-green. 

Occurring widely in warm springs, G. gelatinosa is little known in Yorth 
America. While’s record of 1877 gives no field data and omits tlie locality, 
and it is on his single record that the presence of the species in United 
States is based. In the Yellowstone I have found the species in good 
quantity in the Stygian Caves, Mammoth Hot Springs. In this shallow 
grotto the shaded moist travertine rock is little warmer than it would be 
in a non-thermal locality. A slight seepage of warm water trickles over 
part of the walls and keeps them uniformly moist to wet. The species 
occurred there at temperatures of from 12.8° C. to 24° C. and at a pH. of 
8.1. It was growing mixed with Gloeothece rupestris Kiitz., Gloeotliece 
linearis Naeg., Gloeocapsa arenaria (Hass.) Rab., Chroococcus minutus 
(Kiitz.) Naeg., Schizothrix cyanea Naeg., Phormidium fragile (Menegh.) 
Gom., and Osdllatoria geminata var. tenella (of this paper). 

3. Gloeocapsa fenestralts Kiitzing 

Phyc. gen., p. 173, 1843. 

Stratum thin, extended, soft gelatinous, mostly irregular and uneven, 
greenish. Cells, without sheaths, 2.2-3.4/t in diameter; with sheaths 7-15/t. 
Sheaths thick to very thick, colorless, distinctly lamellate, often peeling. 
Cells grouped into colonies 10-48/* in diameter. Cell contents homogeneous or 
granular, pale blue-green. 

This species is not especially well known. It has been found in Europe 
on window panes in greenhouses; and in Fukien Province, China 
(Gardner). In the United States the only record I am acquainted with 
is from Put-in Bay, Lake Erie, Ohio (Snow). In the Yellowstone, the 
species has been found only in the White Elephant Grottoes, Mammoth 
Hot Springs at 26° C. and pH. 8.1. In that site it formed an almost pure 
growth on the damp shaded wall of the shallow cave. Until more data is 
available the species may be considered as probably a non-thermal one, 
favoring slightly warm, shaded situations. 
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4. Gloeocapsa Montana Kfltzing 
Phyc. gen., p. 173, 1843. 

Plant mass amorphous, soft gelatinous to fiocculent, often thickish, pale yel- 
lowish-green to clear blue-green. Cells, without sheaths, 2-5jj, in diameter, 
single or in groups of 2 to 4, rarely larger, pale blue-green. Tegument hyaline, 
distinctly lamellate or less often confluent and mostly homogeneous. Colonies 
up to 39jx in diameter. 

Growing on moist rocks, damp soil and sometimes in pools or very 
sluggish streams — the species is probably widely distributed. Tilden 
(1896) has reported it from warm overflow water in the Lower Geyser 
Basin, Yellowstone Park. In the present investigation the plant has been 
found regularly on moist, warm ledges and travertine cliffs in the Mam- 
moth Hot Springs. Its distribution there includes the White Elephant 
Grottoes (19-26° C.), Stygian Caves (13.1° C.), and the lower part of 
the stream carrying water from Jupiter Terrace (moist travertine edges, 
and log partly in stream) (18-31° C.). The pH. of the situations it was 
found in averaged around 8.2. The species has not been noted elsewhere, 
although from Tilden’s record it may occur in the Geyser Basins, which 
furnish situations of similar degrees of acidity and temperature. On the 
whole the species is best considered as a non-thermal form, invading the 
lower thermal ranges. 

5. Gloeocapsa decobticans (A. Br.) P. Richter 

Syn. : Cftroococcus decortioans A. Braun, Betr. u. d. Erschein. Verjiing in der 
Natur, p. 194, 1851. 

Cells spherical or subovoid, single or in pairs, or less often in fours ; without 
sheaths cir. 6/4 in diameter by 6 -8/4 long, blue-green. Single-celled colony cir. 
19 by 21/4 ; two celled colony cir. 22 by 30/4. Sheaths thick, colorless, distinctly 
lamellate, often peeling. 

I am following Wille in considering this species as a Gloeocapsa rather 
than as a Chroococcus. 

The commoner habitats for it are on submerged wood and in standing 
waters; its known distributions includes Europe and North America 
(Wolle, on submerged timbers in Pennsylvania). The only site dis- 
covered for it in the Yellowstone was Soda Spring, Mammoth Hot Springs 
region, where it occurred rather rarely at 30° C. and pH. 6.5, in the shal- 
low stagnant spring pool. Because of its presence in this single, quite 
unique spring, there is no reason for assuming that it has a wider range in 
the thermal springs of the Park. The species is primarily non-thermal. 
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6. Gloeocapsa calcarea Tilden 

List o f Freshwater Algae collected in Minn. 1896 and 1897, Minn. Bot. St. 2, 

p. 29, 1898. 

Stratum often incrusted with lime (or silica), if unincrusted gelatinous and 
roughened above, extended, grayish to blue-green. Cells, without sheaths, 
2-3.5/a in diameter ; with sheaths, 6-9 /a in diameter ; cell contents mostly granu- 
lar, blue-green. Sheaths colorless, mostly homogeneous or rarely feebly lamel- 
late, often rather thin. Cells united into colonies of mostly 4-16; colonies 
25-50/a in diameter. 

I have found the incrustation to be much less constant and reliable 
than Tilden’s description implies. In her description the cell diameter 
was omitted. I have added it to the diagnosis above. 

The single record of the species from Osceola, Minnesota (Tilden), 
appears to be the summary of data on the distribution of the species. At 
that place the plant was reported to have been found on boards receiving 
a continual dripping from a spring trough. In the Yellowstone it occurs 
commonly in the Lower Geyser Basin on wet sinter, mostly incrusted with 
silica; less often in the Upper Geyser Basin, where it was found usually 
with less incrustation. In the Lower Basin it was found on the cone of 
White Dome Geyser (19.2° C., pH. 8.4), and by several seeps and moist 
sinter outcrops ; in the Upper Basin on the sinter banks of the Eirehole 
River (12.8-26° C., pH. 8.3-S.6). It is apparently largely non-thermal, 
being most abundant around 20° C. 

7. Gloeocapsa dermochroa Naegeli 
Gattungen einzelliger Algen, p. 51, 1849. 

Syn. : Gloeocapsa punctata Naegeli, Gatt. einzell. Alg., p. 51, 1849. 

Gloeocapsa Mformis Ercegovic, Acta Bot. inst Bot. R. univ. Zagreb. 1, 
p. 80, 1925. 

Cells, without sheaths, 1.5-3/a in diameter; with sheaths up to 8/a; blue-green, 
united into colonics up to 50/a in diameter or masses often of considerable size 
and containing many cells. Sheaths not lamellate, golden to brownish at 
maturity, often colorless when young. Resting cells with firm thin dark 
capsules. 

I agree with Ercegovic (1925) that (?. dermochroa Naeg. and (7. 
punctata Uaeg. are the same species. As he pointed out, G. punctata is 
the "young,” unpigmented stage, while (?. dermochroa is the "older 55 
pigmented form of the same plant. The two forms were described as 
species by Naegeli in the same paper (l.c.) and even on the same page. 
I do not agree at all with the treatment Ercegovic has given the matter 
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in renaming the species (r. bifonnis Ere. 1925. Inasmuch as Naegeli 
gave a reasonably accurate diagnosis of the mature stage under the 
name (?. dermochroa, , the immature form should certainly be placed in 
that species. Technically, of course, the description for 0 . dermochroa 
was neither accurate nor diagnostic but, if the same handling was ac- 
corded all similar situations, the large number of changes in nomen- 
clature would be confusing and unnecessary. It has been generally 
accepted that additions to our knowledge of the life histories and struc- 
ture of species do not introduce the need for taxonomic shifts unless such 
are of value in clarifying or correcting possible former errors. 

G. dermochroa is widely distributed, growing on rock cliffs. In North 
America it is not well known. Snow (1903) reported it (as G. punctata) 
from Put-in-Bay, Lake Erie, Ohio. In the Yellowstone the species has 
been found quite widely at low temperatures. In the Mammoth region 
it occurs on moist travertine up to about 34° C. and about pH. 8.2; in 
the Twin Buttes Region it has been found on the banks of the Spray 
Geyser overflow (on damp sinter) at up to 39° C. and at a pH. of from 
8.8-9.0 ; in the Upper Geyser Basin in several sites on moist rock at tem- 
peratures up to 43° C. The species shows considerable resistance to 
warm conditions and locally is approaching thermal habitats closely. 

8. Gloeocapsa rttpestris Kiitzing 
Tab. phje. 1, pi. 22, 1S45-9. 

Stratum grayish-black to black, crust aceous, often bard. Cells, without 
sheaths, 6-11 /l in diameter, grouped into colonies 15-75/1 in diameter ; cell con- 
tents dull to brownish blue-green. Sheaths thick, golden brown to brown, often 
very pale or even colorless on the outer part of colony or cell groups, very dis- 
tinctly lamellate. Resting cells with thin, smooth dark brown walls ; cir. 15 /t in 
diameter. 

Occurring on moist rocks, the species has a worldwide distribution. 
In North America it has been found in several localities and is well 
known. There have been no previous records for it from the Yellow- 
stone. Its range in the Yellowstone does not carry it into thermal 
situations, although it approaches them quite closely. It has been found 
on wet ledges and wet cliffs in the Gallatin Mountains on calcareous rock 
(completely non-thermal) ; and on travertine ledges and walls in the 
Mammoth Hot Spring region. The records for it there include the 
Stygian Caves (10.8° C. to 21° C.) ; White Elephant Grottoes (19.4° 
C.) ; bank of Gardiner River at point of spring seepage near Boiling 
River (22.6° C.) ; and damp sides of the Narrow Gauge Terrace (16.4° 
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C.) . It was found at a pH. of 7.65—8.2. The species is non-thermal and 
was most abundant in shaded sites. 

9. Gloeocapsa stegophua (Itzigs.) Rabenh. 

Krypt. FI. y. Sachsen, p. 72. 

Cells, without sheaths, 3-4 /* in diameter; with sheaths, 4.5-8/*, united into 
colonies of 2 to 1G cells, blue-green. Sheaths golden, orange-red, or reddish, 
mostly not lamellate. Resting cells with dark reddish brown, firm, thin 
sheaths ; cir. 5/* in diameter. 

The usual habitat for the species seems to be on moist wood, soil, and 
rock. There are no records for it, to my knowledge, from either Horth 
America or from thermal situations. In the studies carried on in the 
Yellowstone it has been found a single time, and then in very small 
quantity. This collection was from rocks kept warm and moist by steam 
from a hot spring in the Meadow Spring group. It was growing in the 
stratum of Colteiia funebris (of: this paper) at 38° C. With this single 
observation no conclusions can be drawn as to its place in the Yellow- 
stone flora, other than that it is rare. 

10. Gloeocapsa compacta Kiitzing. 

Tab. phyc., pi. 36, Fig. 4, 1845-49. 

Syn. : Gloeocapsa violacea (Corda) Rabenhorst var. compacta (Kiitzing) P. 

Richter. 

Stratum purplish-black to violet-brown, extended, gelatinous, smooth, or 
beaded and up to 3mm. thick. Cells, without sheaths, 2.1-2.6ja in diameter; 
few to many in a broad, soft capsule ; cell contents homogeneous, blue-green. 
Sheaths homogeneous or sometimes faintly lamellate, pale violet, reddish violet, 
or often almost colorless (when not in masses) . Resting cells with deep violet- 
brown or violet, firm, tough capsules and almost opaaue cells, cir. 3p, in 
diameter. 

The relationship between Gloeocapsa compacta Etitz. and G. violacea 
(Corda) Eabenhorst has been the subject of some difference in opinion. 
Forti, in DeToni, places compacta as a variety of G. violacea . Geitler, in 
Eabenhorst, recognizes G . compacta as a valid species and questions the 
existence of G. violacea as an entity. Tilden has recorded G. violacea 
from the Yellowstone (Valley of the Hez Perces Creek, Lower Geyser 
Basin, mixed with Synechococms aeruginosus Naegeli and Hypheothrix 
calcicola (Ag.) Rab., the three forming "Algal Stalactites” in a warm 
"cave” formed by a geyser cone). Her description is not sufficiently 
detailed to enable one to be certain of the form she found but it remains 
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as an open possibility that she may have had 0 . compacta. Setchell has 
reported G. violacea from Alaska, and Collins, from Gaylordsville, Con- 
necticut. The status of their records does not have any bearing on the 
occurrence of G . compacta in the present report. 

G. compacta Elute, is a -well-known European species, occurring on 
moist cliffs, bark of trees, and less often in greenhouses. Its presence in 
North America has not been previously noted. In Yellowstone Park it 
appears to be rather widespread, but only rarely is found in abundance. 
Its presence has been noted in the Upper Geyser Basin in the following 
places: Orange Pool, 24 t° C., pH. 8.6; Wave Spring, 27° C., pH. 8.6; 
Chromatic Pool, 31° C., pH. 8.95 (no. 384) ; seep on bank of Eirehole 
Biver opposite Grand Geyser Group, 29.3° C., pH. 8.75 ; in the Biscuit 
Basin: Bubble Pool, 28° C., pH. eir. 8.8. (no. 373); Midway Basin: 
Excelsior Geyser Crater, damp wall, 27° C.; Lower Geyser Basin: Eire- 
hole Lake Bank, 26° C.; West Thumb: unnamed spring, 28.4° C. Its 
greatest abundance was noted at Bubble Pool, Biscuit Basin, and its 
habitat there may be taken as typical of its occurrence in Yellowstone. 
The growth of the plant was sharply confined to the wet sinter Tock, 
and it was found only outside of the pool rim where the temperature 
was moderate. No encrustation was encountered with it, although where 
it was mixed with Calothrix Kuntzei P. Biehter, it gave that appearance. 
The temperature range observed was from 24-31° C., the pH. range from 
8.6-S.9. It can be seen that G . compacta is essentially a non-thermal 
alga, gaining a foothold in the cooler situations only. 

CHROOCOCCUS Naegeli 
Gattungen einzelliger Algen, p. 45, 1849. 

Cells spherical or following division hemispherical, quadrant- or octant- 
shaped or at least flattened on adjacent faces for a time following division, 
occasionally single or usually either in colonies of mostly 2-4, less often up to 8 
or 16, or in larger colonies of several to many cells ; colonies not often forming 
a definite stratum. Sheaths close fitting, concentrically placed, lamellate or not, 
either thick (“broad” or “wide”) or thin (“narrow”), colorless or variously 
colored; sheaths firm or sometimes mostly confluent. Cell division in two or 
usually three planes. Cell contents usually blue-green but sometimes violet, 
olive-green, orange, or yeUowish ; pseudovacuoles in few species. Resting cells 
and planococci unknown. 

The species of Chroococcus inhabit situations similar to those of the 
species of Gloeocapsa. The largest number are found on moist rocks, 
etc. ; several occur in standing waters, especially mixed with other algae, 
or almost as often, planktonic; a few are found regularly in greenhouses; 
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a very limited number in brackish (rarely in salt) waters; and at least 
four species have been found to occur at times in warm and hot springs. 

0. turgidus var. thermalis (Kiitz.) Eabenh. and G . membraninus 
(Menegh.) Naeg. have been reported from European thermal springs, 
and C. minor (Kiitz.) Naeg. from a hot sulphur spring (sulphur or 
sulphide containing?). C. vcvrius A. Braun was recorded from a warm 
spring at Lo Lo, Montana, by Griffiths ; and C. thermophilus described 
from a hot spring in California by Wood. (Wood’s description was 
incomplete and cannot be accurately placed.) These are the only known 
North American occurrences of thermal species of Chroococcus . 

Of the Yellowstone species several occur in quite warm waters; none 
have been found above 50° C. The species are in part quite abundant 
in their occurrence and widespread in the many springs. The most out- 
standing feature of the group is the well-marked tendency foT certain 
species to occur on and in the strata of gelatinous Myxophyceae, especially 
Phormidium and Mastigocladus. 

Key to the Yellowstone Species 


1. Sheaths lamellate. 

1. Sheaths distinctly lamellate. 

A. Cells, without sheaths, greater than 5/4 in diameter; sheaths thick, 

never peeling. C, yellmcstonensis 1. 

B. Cells, without sheaths, under 5/t in diameter; sheaths very thick, 

splitting and peeling. C. tenacoides 2. 

2. Sheaths obscurely lamellate. C. turgidus 3. 

II. Sheaths not lamellate. 

1. Cells single or after division in small colonies, of at most eight. 

A. Cells, without sheaths, 4/4 in diameter or greater. 

a. Cells of 2-4-celled colonies closely packed and broadly flattened 

on adjacent faces. C. turgidus var. thermalis 3A. 

b. Cells not closely oppressed ; slightly flattened. 

*. Sheaths colorless. 

!. Sheaths thick or moderately thick ; cells, without sheaths, 
5-10/t in diameter. C. minutus 4. 

! !. Sheaths thin ; cells, without sheaths, 4.4^5.2/t in diameter. 

C. minutus var. thermalis 4A. 
**. Sheaths yellowish brown. C. minutus var , fuscus 4B. 

B. Cells, without sheaths, 3-4/4 in diameter. C. minor 5. 

2. Cells in larger colonies or indefinite masses. 

A. Cells, without sheaths, 2/4 or greater in diameter ; free-living. 

0. minimus 6. 

B. Cells, without sheaths, 2/t or less in diameter ; endophytic. 

<7. endophyticus 7. 
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1. Chroococcus yellowstonensis, sp. nov. 

Cells single or in colonies of 2-8 cells, mostly in twos, among and in the 
strata of other algae, dull blue-green, with granular contents, or often homo- 
geneous or with a single large granule ; without sheaths 5-8jx in diameter, with 
sheaths 8-14^ in diameter. Tegument colorless, distinctly lamellate, up to 4^ 
thick. Two-celled colonies 10-14jx by 13-17^ ; cells of two-celled colony broadly 
flattened on adjacent faces, 5-7 ji, in length. # 

Chroococcus yellowstonensis is similar to C. turgidus (Kiitz.) Kaeg. 
It differs from it by its smaller and more definite size ; thicker and more 
distinctly lamellate tegument* and by its occurrence on and in the strata 
of gelatinous algae. 

It has been found at West Thumb (no. 448) in the thallus of Phor- 



Fig. 5 — CJiroococcua yel- Fig. 6 — Chroococcus tena 

lowstonenais (X2000). coldes (X2000) 


midium laminosum (A g.) Gom. at 31° C.; at Mammoth Hot Springs 
(no. 93 — type, and no. 95) on the damp roof and walls of the White 
Elephant Grottoes at 19-26° C.; and in the Upper Geyser Basin (nos. 
436, 437, 438) on Bijou Geyser Cone at temperatures ranging from 
37-42° C.* mostly on species of Phormidium . It seems to be limited 
to damp and wet habitats, and has not been found submerged. At the 
White Elephant Grottoes it was* in the first collection* on and in a 
stratum of Schizothrix calcicola (Ag.) Gom., along with Qloeocapsa 
monlana Kiitz. and Q. fenest rails Kutz. ; in the other, on and in Pymploca 
cavernarum (of thi^ paper), along with G. fenestralis Kiitz. 

2. Chroococcus tenacoldes, sp. nov. 

Cells mostly in twos, often in fours, and occasionally single; on and in the 
strata of other Myxophyceae ; pale blue-green to olive-green, with homogeneous 
or finely granular contents, without sheaths 4.0-5.0p, in diameter, with sheaths 
10-18u in diameter. Tegument colorless, thick (up to 6**), very distinctly 
lamellate, the outer lamellae rupturing and peeling. Two-eeUed colony 10-18^ 
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in diameter by 12-22^ in length ; cells of two-celled colony strongly flattened on 
adjacent faces, 3-4g, in length. 

Chroococcus tenacoides falls in the 0 . turgidus plexus of species, but 
is one of the most extreme of the group. The species showing the great- 
est resemblance to it are (7. yellowstonensis (of this paper) and (7. tenax 
(Kirch.) Ilieron. From 0. yellowstonensis it may be differentiated by 
its thicker, rupturing and peeling, and much more sharply lamellate 
sheaths, as well as by its slightly smaller cell size and (in the 2-4 celled 
colonies) shorter cells. From C . tenax it is separated by its much smaller 
size and constantly colorless tegument. 

The species has been found only in the Spray Geyser and Imperial 
Geyser Overflow, in the Twin Buttes Begion. Its distribution is not 
well known in even these sites, and the species seems to be constantly 
rare or at most occasional. The type (no. 429) is from the junction of 
Spray Bill and Imperial Creek, growing in shallow water at 31° C. 
and pH. 9.05; it was growing among a mixture of Oscillatoria geminata 
Menegh. and Phormidium laminosum (Ag.) Gom., and was at best occa- 
sional. 

3. Chroococcus turgidus (Kiitz.) Naegeli 
Gattungen einzelliger Algen, p. 46, 1849. 

Cells single or mostly in colonies of 2-4, rarely 8, clear blue-green, olive- 
green or golden, without sheaths 8-32/a in diameter, with sheaths 13-40/a. 
Cells broadly flattened on adjacent faces and close. Sheaths colorless, indis- 
tinctly lamellate. Cell contents homogeneous or granular. 

The species is cosmopolitan. In North America it has been generally 
confused with the similar 0 . turgidus var. submarwus Hansgirg to such 
an extent that it is difficult to interpret the many records. It occurs 
chiefly on wet rocks, in boggy pools, and among other algae. 

In the Yellowstone it is to be found in its usual habitats quite regu- 
larly, and infrequently it invades subthermal situations. Its most notable 
occurrence was at Mammoth Hot Springs on the damp walls of the 
Stygian Ca\es (no. 150), where it reached the temperature of 22° C. 
(pH. 7.7), and was not infrequent. 

3A. Chroococcus turgidus (Kiitzing) Naegeli 
var. therm alis (Kiitzing) Rabenliorst 
FI. Eur. Alg. 2, p. 33, 1SG5. 

Sheaths homogeneous or at maturity very feebly lamellate (not evident with- 
out staining). Cells 6-10/a in diameter. Otherwise as in the species 



40 


ANNALS NEW YORK ACADEMY OF SCIENCES 


Geitler (1930) was unable to note the small size of the cells upon an 
examination of the type specimen (Rabenhorst: Alg. Em. No. 1413). 
It is quite possible that since C . turgidus and this variety of it overlap 
in cell size, this difference may be of little consequence. The two forms 
are very close, but clearly distinct. The var. thermaMs was described 
from an European hot spring. Its presence in North America has not 
been previously noted. 

In the Yellowstone it occurs generally on the moist and wet shaded, 
warm travertine cliffs and ledges, and shallow shaded tepid pools in the 
Mammoth Hot Springs formation. It has not been found as an abundant 
form, but it is very characteristic at temperatures of 15-30° C. The 
limits of temperature range observed were 13.1° C. and 36.6° C.; and 
the range of acidity pH. 6.5-S.3. Its known occurrence includes : White 
Elephant Grottoes (no. 101), Stygian Caves (no. 148), Jupiter Terrace 
Slope, Narrow Gauge Terrace, Soda Spring (no. 128), and other sites. 

4. Ohboococcus minutus (Ktitzing) NaegeLi 
Gattungen einzelliger Algen, p. 46, 1849. 

Cells single or in colonies of 2 to 4, pale blue-green, spherical, without 
sheaths 5-10/t in diameter, with sheaths 7-15/1 in diameter. Sheaths colorless, 
homogeneous, and neither lamellate nor concentrically arranged. Colonies 
mostly ovoid, 6-9/4 in diameter by 10-15/4 long. Cells feebly flattened on adja- 
cent faces, distant. Cell contents either homogeneous or granular. 

Although widely distributed and common in standing water, often 
planktonic, and at times in brackish water, C. minutus has not been 
frequently reported in North America, and it has not before been re- 
ported from warm waters. 

In the Yellowstone the plant is widely distributed. It has been 
found in Upper Geyser Basin: warm cliff by Firehole River on wet 
rocks; Lower Geyser Basin: White Dome Geyser (no. 405) at 19.2° C. 
and pH. 8.4, and Firehole Lake at 36° C. and pH. 8.3, on the bottom 
crust; Firehole River at Upper Geyser Basin (no. 337) at 17.8° C. and 
pH. 7.2; Mammoth Hot Springs: Orange Spring Mound, Jr. (no. 84) 
at 30.2° O. and pH. 8.0, Jupiter Terrace (no. 238) at 20° C. and pH. 
8.3, Stygian Caves (no. 145) at 14° C. and pH. 8.1 ; and in the Chocolate 
Pots in the Gibbon Canyon (no. 280) at 29.4° and pH. 6.6; and else- 
where. The Yellowstone material varies a little in the width of the 
sheath and possibly might be considered to be intermediate between 
typical O. minutus and G . mimtus var. obliteratus (Richter) Hansg. 
It seems possible that the width of the sheath varies with the type and 
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amount of water available. When growing submerged or planktonic, 
the sheath is frequently broader and more typical, but in merely moist 
situations the sheath is narrow and of the obliterate type. Thus the 
var. obliterate is to be considered as form obliterate (and of no taxo- 
nomic value). In pure culture it has been possible (with the Yellow- 
stone material) to affect the width of the sheath by \arying the con- 
sistency and type of culture medium employed. 0 . minute is a species 
that is typically non-thermal but able to withstand temperatures slightly 
in excess of 30° C. It is widespread but rarely abundant m the Yellow- 
stone springs. 


4A. Chboococotjs minutus (Ktitzing) Naegeli 
var. thermalis, var. nov. 

Cells single or in pairs, never in fours ; without sheaths 4.4-5 .2/* in diameter. 
Sheaths narrow, 0.5-1. 0^ in thickness. Cell contents with a few (mostly 2-3, 
rarely none) large prominent granules, and mostly finely granular or less often 
homogeneous protoplasm. Otherwise as in the species. 



Fig 7 — Ohroococcus 
minutus var thet- 
mah8 (X1330) 



Fig 8 — Ohroococcus mi- 
nutus var fuse us 

(X1000). 


The variety thermalis comes close to form obliterate of the same species 
in sheath characters. The regular, small cell diameter, and much nar- 
rower sheaths separate it from this narrow sheathed form of the species 
quite sharply. 

Up to the present only two collections of the variety have been made. 
It was found growing in a small pool at the edge of Soda Spring, in 
the Mammoth Hot Springs region (type : no. 126) at 42° C. and pH. 6.1. 
In this pool it was present in considerable abundance, as a secondary 
form growing with other algae. The pool had a very high mineral 
content and was choked with a growth of various Myxophyceae : OscUla - 
toria Cortiana (Menegh.) Gom., SpiruMna labyrinthiformis Menegh., 
and Phormidkm teivae (Menegh.) Gom.; among these the G . minute 
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thermalis occurred. The second collection (no. 320) is from a seep in 
Imperial Geyser Crater, Twin Buttes Region, growing at 41° C. on 
moist mud, with various filamentous Myxopliyceae. This variety, in pure 
culture, was able to withstand and grow' at temperatures up to 54° C., 
while the species stopped growth below 40° C. The two forms thus 
have physiological as well as morphological differences. 

4B. Chboococcus minutus (KUtzing) Naegeli 
var. fuscus, var. nov. 

Sheaths tan to golden brown. Otherwise as in the species. 

The known distribution of this variety is not extensive. It has been 
found in the Mammoth Hot Springs m a majority of the many springs. 
The type (no. 84) is from Orange Spring Mound, Jr., at 30° C. and 
pH. S.O. It has also been found in Orange Spring Mound, Hymen 
Terrace, Angel Terrace, Jupiter Terrace, Minerva Terrace, Diana Ter- 
race, White Elephant Back, Main Terrace, and a few less important 
springs, always at or near the termini of small rills or on damp edges of the 
cooler streams. Its temperature range, as observed, is from 23° C. to 
46° C., its pH. range from 7.2-S.4. The species is chiefly an incidental 
form, mostly in the Calothrix and Calothrix-Diato m formations. While 
less widespread in the Yellowstone, the var. fuscus is more typically 
thermal than the (7. minutus. Their ranges overlap slightly; the variety 
becomes less important at lower temperatures, the species more important. 

5. Chboococcus minob (Kiitzing) Naegeli 
Gattungen einzelliger Algen, p. 47, 1849. 

Stratum soft, slimy gelatinous, dull blue-green to olive-green. Cells, without 
sheaths, 8-4(x in diameter, single and in twos, less often in fours. Tegument 
slimy, scarcely visible, colorless : ceU walls thin, hyaline. Cell contents homo- 
geneous, usually pale blue-green. 

Although known from many localities in Europe, Chroococcus minor 
has been reported only a few times from the Western Hemisphere. The 
North American records include Nebraska (Bessey) and St. Vincent 
and Dominica in the West Indies (Elliott). It has been found in 
standing water, on moist rocks, tree trunks, etc., and in hot sulphur 
springs. Its presence in Yellowstone Hot Springs is not surprising. 

I have found the species in the Upper Geyser Basin in a stratum of 
Phormidium laminosum (Ag.) Gom. in a pool on Bijou Geyser Cone 
(no. 439) ; and in stalactites, chiefly of the same alga, in a nearby site, 
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growing at temperatures of 36.8° C. and 32.5° C. and at a pH. of 8.95 
m each case ; in the Twin Buttes Region : Spray Geyser runoff (nos. 418 
and 427) at 37.4° and 39.3° C. and at pH. 8.95 and 9.0, among Phor- 
midium laminosum ; and in the Bijah Group (nos. 118 and 121) at 25° C. 
and at 34.5° C., pH. 6.2, among various llyxophyeeae. The alga was 
frequent in three sites, occasional in the others. 

0. Chboococcus minimus (Keissler) Lemmermann 
Arch. f. Bot. 2, p. 102, 1904. 

Cells united into spherical or ellipsoidal colonies of many cells; without 
sheaths 2-3/a in diameter, with individual sheaths 4-5 p in diameter. Sheaths 
colorless, homogeneous. Cell contents homogeneous, blue-green. 



Fig. 9 . — Ohroococcus endophyticus, in 
stratum of Pftomitdium, (X1470) 

C . minimus is very imperfectly known. It has not been previously 
recorded from thermal situations ; up to now it has not been known from 
North America. 

Only a single collection of the plant has been made in the Yellowstone. 
This one from a small pot in the Bijah Group (no. 118) was at 25° C., 
growing on the moist vertical walls of the spring. The material is sparse 
but quite distinctive. 


7. Ohroococcus endophyticus, sp. nov. 

Plants endophytic in the strata of gelatinous Myxophyeeae. Cells few to a 
few hundred, in spherical to irregular often formless colonies ; colonies up to 
45/i in diameter ; surface membrane of colony poorly defined. Cells spherical, 
pale blue-green, without sheaths 1.3-2.0[x in diameter, with sheaths 2.1-3.0ji 
in diameter. Individual sheaths mostly confluent with the colonial matrix, 
homogeneous, not lamellate, hyaline, and almost invisible. 
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Cliroococcus endophyticus resembles C . limneticus Lemm. in miniature. 
Its much smaller cell size, endophytic habitat, and more formless colonies 
make it quite distinct from the larger planktonic G . limneticus in spite 
of the resemblance. The frequent irregular form of the colonies is evi- 
dently correlated with the cramped position they occupy in the interior 
of the thallus of the plants in which they occur. 

I have found C. endophyticus only in Bijou Geyser, Upper Geyser 
Basin (type: no. 439) at temperatures of from 32-49° C. and at a pH. 
of about 8.85-9.0. In this site it was quite common in the older por- 
tions of the strata of Phormidiunz vesiculiferum (of this paper), Phor- 
midium truncatum var. thermcde (of this paper), and Mastigocladus 
Ummosus Cohn. It was most abundant in “algal stalactites” hanging 
from a sinter ledge, and receiving a steady supply of water with a tem- 
perature of 36.8° C. and a pH. of 8.95. 



Fig. 10 . — RhaMo derma zygnemicola, on filament of 
Zygnema (X2060). 


RHABDODERMA Schmidle et Lauterbom 
in Schmidle, Beitr. Kennt. Planktonalg., Ber. deutch. 

Bot. Ges. 18, p. 149, 1900. 

Cells ovoid to cylindrical with rounded ends, straight, curved, or twisted; 
in colonies of a few in a homogeneous, difficultly visible matrix. Colonies 
spherical, flattened, or irregular. Cells single or following division in twos 
or short chains. CeU division transverse. 

Type species: Rhdbdoderma lineage Schmidle et Lauterborn. 

The majority of species of Rhdbdoderma are planktonic. Heretofore 
there have been no thermal species known. None have been previously 
credited to North America. 

A single Yellowstone species. 

1. Rkabdoderma zygnemicola, sp. nov. 

Colonies minute, 1-few celled (mostly 1-4, rarely up to 10 or 11) ; hemispheri- 
cal or flattened ; epiphytic. Cells ovoid to short cylindric, straight ; 1.9-2.4ji 
in diameter by 3.0-5.5p, in length, single or in pairs, with clear bright blue- 
green, homogeneous contents. Matrix homogeneous, hyaline, invisible with- 
out staining. 
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Occurring on Zygnema , and possibly other algae in thermal waters, 
R. zygnemicola can be immediately separated from the other species of 
Rhabdoderma, which are largely planktonic. In diameter this species 
roughly approximates #. irregulare (Neumann) Geitler; from it it differs 
in having much bulkier cells which are straight rather than “S” shaped. 

In the Yellowstone Park R . zygnemicola is confined to sharply acid 
waters (below pH. 6.0). The type (no. 70) was collected in the Crater 
Hills near a small mud pot on wet mud and sinter, growing on Zygnema 
at 32.9°-43.8° C. and pH. 5.2. It was observed in a few other collections 
from the Crater Hills. In the springs of this locality the high concentra- 
tion of alum and feeble flow of water were important factors in limiting 
the variety of algae. Pluto cdLdarius (Tilden) was the only other bine- 
green observed in most of the springs of the entire group. 

COELOSPHAEIilTJM Xaegeli 
Gattungen einzeUiger Algen, p. 54, 1819. 

Cells spherical, elliptical or egg-shaped, during division often “heart-shaped,” 
united into unattached, spherical colonies, with the cells arranged around the 
periphery, and with or without distinct special sheaths ; colonial matrix often 
radiaUy fibrillar. Cell division in two planes, at right angles to each other 
and parallel to a radius of the colony passing through the dividing cell. Cell 
contents without or usually with pseudovacuoles. Multiplication through 
fragmentation of the colony into two or more parts, or less often through the 
release of single cells. 

The majority of the several species are planktonic in lakes, ponds, and 
sluggish streams ; a few are found in brackish water and one is marine. 
There are no previous records of thermal habitats. 

A single Yellowstone species. 

1. Coelosphaerium MiNTJTissiMUM Lemmermann 
Ber. deutsch. Bot. Ges., p. 98, 1900. 

Colonies spherical or ovoid, 20-30p in diameter, with a thin colonial tegu- 
ment. Cells spherical, lp in diameter, pale blue-green, pseudovacuoles absent. 

The species is known from fresh, polluted, and brackish waters. It is 
usually planktonic. Its previously reported occurrences included neither 
warm waters nor American localities. 

In the Yellowstone the species has been found a single time. It was 
occasional to Tare in a small pot in the Bijah Group (no. 118), growing 
at 25° C. In this site it occurred among other Myxophyceae as a com- 
ponent of the surface crust of algae that entirely covered the pool. 
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ANACYSTIS Meneghini 
Conspectus algologiae Euganeae, 1S37. 

Syn. : Microcystis Kiitzing, Linnaea 8, p. 372, 1S33, pro parte. 

Gloeocapsa Kiitzing, Phyc. gen., p. 174, 1S43, pro parte. 

Cells spherical to elliptical or subcylindrical, united into more or less splieri 
cal colonies of at maturity many cells, and of definite form. Colonial tegu- 
ment homogeneous or often lamellate, usually with a firm distinct outer mem- 
brane ; cells with or without individual special sheaths, matrix usually hyaline. 
Cell contents usually blue-green, less often violet or steel-blue ; pseudovacuoles 
present or absent. Cell division in two or three planes in the spherical-celled 
species; transverse in the elongate-celled species. Multiplication through the 
encystment of the cells of the colony and the release of the gonidia. 

Anacystis has been regarded by most recent authors as a partial 
synonym of both Microcystis and Gloeocapsa. Until recently there has 
been little emphasis on the modes of reproduction and life cycles of the 
Chrooeoccaeeae. I am following Gardner (1927) in recognizing the 
genus as valid. As has been clearly stated by him, the distinctive method 
of multiplication in Anacystis , with gonidia with thickened and elaborate 
membranes is almost unique, and the regular disintegration of the parent 
colony after their formation is not found in other Chroococcaceous genera, 
esp. Microcystis and Gloeocapsa . Resting cells occur in other genera but 
are not the chief agents of multiplication ; rather they are resting struc- 
tures that carry the plant through dormant periods. 

The species of Anacystis are found mostly on damp soil, rocks, etc,, 
and less often in fresh water, sometimes planktonic. There is a single 
recorded thermal species: A. minutissima Gardner, known from damp 
rocks and the overflow from a Hot Spring in Porto Rico. 

A single Yellowstone species. 

1. Anacystis thermalis, sp. nov. 

Cells ovoid, 3.0~3.5 |a in diameter by 3-6^ in length, united into spherical or 
subspherical colonies of many cells and up to 70^ in diameter; cells loosely 
placed in young colonies, closely packed in older ones. Colonial tegument 
broad, hyaline and difficultly visible, and feebly lamellate ; individual sheaths 
completely confluent and not visible. CeU contents blue-green to violet, mostly 
with a prominent granule. Gonidia short ovoid, 3.5-3.7p, in diameter by 
3.8-4.0jx in length, with a purplish, transparent membrane. 

This species is quite distinct from the previously described members 
of the genus. The characteristic morphology, color, and habitat all 
enable the plant to be recognized immediately. 
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The only collection in which A. thermalis was found was from a spring 
at the source of Fairy Creek, Twin Buttes Region (type, no. 413), where 
it occurred in abundance at 42° C. and pH. 8.1, mixed with Oscillatoria 
princeps tenella (of this paper), 0. terebriformis (Ag.) Gom., Phor- 
midium tenue (Mone.) Gom., P. valderianum (Delph.) Gomont, Spirulina 
caldaria Tilden, S. caldaria magnified (of this paper), Myxosarcina 



Fig. 11 — *1 nacystis thermalis, small colon j 
(X1700). 

ametliystina (of this paper), and Chroococcus tenacoides (of this paper). 
The algal mass formed a dark bluish-black to steel-blue floating stratum 
3-10 cm. thick that filled the spring pool. No data were collected on 
the temperature range of the organism and it is impossible to make any 
deductions as to its occurrence, other than that it is quite local. 

SYNECHOCYSTIS Sauvageau 

Algues recolt, en AlgSrie, Bull. soc. Bot. France 39, p. 71, 1892. 

Cells spherical, following division hemispherical, solitary or foUowing divi- 
sion in twos, without visible sheaths. 

Type species : Synechocystis aquatUis Sauvageau. 

The several species of the genus differ widely in habitats. They vary 
from fresh water pools and streams to mineral springs, brackish and 
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salt waters, salinas, and moist rocks. The type species, S . aquatilis , has 
been fonnd in a warm stream in Algeria. 

In the Yellowstone the genus is not important. 

Ket to toe Yellowstone Species. 

I. Cells 1.5-1.8p, in diameter. 8, thermalis 1. 

II. Cells 2.0-2 Ap in diameter. S. minuscula 2. 

1. Synechocystis thermalis, sp. nov. 

Cells spherical, 1.5-l.Sp, in diameter, solitary, following division hemispheri- 
cal and in pairs. Cell contents homogeneous, blue-green. 



Fig. 12. — Svnechocy 8 ti 8 
thermalis (X4410). 


This is one of the smaller species of the genus. Its average size is less by 
O.oji than that of S. minuscula Woronichin, and larger by 0.7p, than 
S. primigenia Gardner, the only smaller species known. 

The species is known from a single locality : one of the Meadow Springs 
about one-half mile north of Semicentennial Geyser. When collected, 
it was growing at a temperature of 62.2° C. and a pH. of 5.4. In this 
site it was quite abundant (type: no. 193), growing with and among 
various species of Synechococcus . 

2. Synechocystis minuscula Woronichin 
Biol. Seen Pjatigorisk, Arch. Hydrobiol. 17, p. 642, 1928. 

Cells spherical, 2.0-2.4j* in diameter, solitary or following division hemis- 
pherical and in pairs, with a very thin hyaline tegument, blue-green. Cell 
contents homogeneous. 

Described from a bitter mineral spring in the northern Caucasus, this 
species has not been otherwise noted. 

In the Yellowstone it has been found in the bottom (algal) crust of 
Firehole Lake in the lower Geyser Basin (no. 400), at 36° C. and pH. 
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8.3. It was among Phormidium laminosurn (Ag.) Gom., Synechococcus 
Minervae (of this paper), Aphanothece saxicola, Neag., and incidental 
forms, in small quantities. 

SYNECHOCOCCUS Naegeli 
Gattungen einzelliger Algen, p. 56, 1849. 

Cells ellipsoidal to cylindrical, with rounded ends, straight or curved, single 
or in twos, less often in fours; tegument none or very thin and almost in- 
visible ; division transverse ; cells often motile. 

The species of Synechococcus are known from a variety of habitats: 
salt water, fresh water, and damp soil. 8. curtus Setchell was described 
from hot salt water. S. aeruginosas Naeg. has been reported from ther- 
mal waters in the Yellowstone by Tilden (1897). On the whole the 
genus has been considered as a distinctly non-thermal group of species. 

In the Yellowstone, Synechococcus is one of the most abundant and 
characteristic genera of the thermal Myxophyeeae. It is one of the four 
which occur at temperatures as high as 80° C. and is notable as well 
for its widespread occurrence. Species of the genus have been found in 
at least 70% of all the collections of algae I have from the Yellowstone. 

Key to the Yellowstone Species 

I. Cells elliptical to subcylindrical. 

1. Cells less than 3fj, in diameter. 

A. Cell contents homogeneous, blue-green. S. eximius 1. 

B. CeU contents with at least several granules, pinkish to rose red. 

8. roseus 2. 

2. Cells greater than 3 ja in diameter. 

A. Cell contents violet. &. amethystinus 3. 

B. Cell contents blue-green, or at least not violet. 

a. Cells 3-6 p, in diameter. 

*. Cell contents with rows of granules. 8. Minervae 4. 

* ¥ . Cell contents with scattered granules or none. 

!. Division always transverse. 

8. Minervae var. maior 4A. 

! !. Division sometimes longitudinal. 

S. Minervae var. ligemvnatus 4B. 

b. Cells 7-16^ in diameter. 8 . aeruffinosus 5. 

II. Cells cylindrical, straight or curved. 

1. Cell contents mostly with a few prominent granules. 

A. Granules polar or usually polar. 

a. Cells distinctly curved. 8. vesous 6. 

b. Cells more or less straight 

*. Cells less than 1.7 ^ in diameter. 


8. UvidU8 7. 
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**. Cells greater than l.Tjx In diameter. 

S, elongatus var. amp higmnulatus 8A. 
B. Grannies variable in position, not regularly polar. 

a. Cells straight or slightly curved. S. viridlsslmus 9. 

b. Cells distinctly curved or bent. 

*. Cells evenly and distinctly curved. 

S. lividus var. curatus 7A. 
¥+ . Cells obtusely bent. $. lividus var. stderophilus 7B. 

2. Cell contents without granules, homogeneous. 

A. Cells before division more than 13p, in length. 

a. Cells less than 2.5^ in diameter. S. Vulcanus 10. 

b. Cells greater than 2.5 p, in diameter. 

S. Vulcanus var. bacillarioides 10A. 

B. Cells before division less than 13|x in length. 

a. Cells strongly curved. S . arcuatus 11. 

b. Cells straight or feebly curved. 

*. Cells 2\j. or less in diameter. £. elongatus 8. 

**. Cells 2\i or greater in diameter. 

S' elcmgatus var. vestitus SB. 



Fig. 13 . — Synechococcus Fig. 14 . — Synechococcus 

eximius (X2020.) roseus (X2750). 

1. Synechococcus eximius, sp. nov. 

Cells ovoid to subcylindrical, pale blue-green, with homogeneous contents, 
1.8-2.5/a in diameter by 1.2-2.0 diameters in length, 2.2-8.5/a long; cells single 
or during division in twos. 

Although close in size to S. elongatus Naeg., this species may be dis- 
tinguished from it by its broader and shorter cells. The more homo- 
geneous cell contents and grayish shade of blue-green in S. eximius like- 
wise aid in separating the two. 

S. eximius is distinctly a limital thermal species. The type (no. 73), 
from wet rocks in steam vent near the Giant Sulphur Spring, Crater 
Hills, grew at a temperature of 80.2° C. and a pH. of 4.6. The water, 
although acid, had little dissolved salts in it and was much less poisonous 
than most of the springs in the Crater Hills. This species was not found 
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outside the single set of springs, although it is probably to be discovered 
in others, such as the Monument Geyser Sulphur Springs and Roaring 
Mountain Springs. The temperature range in which it has been found 
extends from 68° C. to 83.6° C. The acidity was in every case pro- 
nounced, pH. 4.5-S.3. 

2. Synechococcus roseus, sp nov. 

Cells ellipsoidal, 1.8-2.1p, in diameter by 1.5-2.5 diameters in length, 3-op, 
long, single or following division in pairs, pale pink to clear pinkish ro*e in 
color; without sheaths or matrix. Cells often in irregular clumps and some- 
times forming pink botryoidal masses up to 1 mm. thick. Cell contents granular. 

The pink color, as well as the characteristic morphology, sets this 
species apart from the other members of the genus. 

S. roseus is known only from a pool in the White Elephant Grottoes, 
Mammoth Hot Springs. There it was locally subdominant, co\ering a 
stratum of Phormidium and growing among Beggiatoa in a shallow pool 
near a spring ^ent (type: no. 90) at 49° C. and pH. 7.1. It was asso- 
ciated with Spirulina labyrinth if or mis Menegh., Phormidium laminosum 
(A g.) Gom., P. purpurascens \ ar. laminatum (of this paper), Oscillatoiia 
amphibia A g. and Synechococcus Minervae (of this paper), as well as 
sulphur bacteria. 

3. Synechococcus amethystinus, sp. nov. 

Plants unicellular, often in pairs following division; cells subcylindrical, 
naked, violet in color, 3.2-3.fyi in diameter by 1.5-2.5 diameters in length, 4-9^ 
long. Plant mass dull violet, mostly poorly defined, flocculent, or more fre- 
quently endophytic in gelatinous algae. Cells separating promptly after divi- 
sion. Cell contents homogeneous or often with one large granule of irregular 
position. 

Occurring mostly on or in the strata of species of Phormidium, this 
species of Synechococcus is quite unmistakable. It approaches closely in 
certain respects both S. Minervae (of this paper) and S, Cedrorum 
Sauvageau. From both it is to be separated by the more homogeneous 
protoplasm (aside from the granule which often is present) and the dis- 
tinctive color. Its habit of growth — frequently deeply imbedded — is 
unusual; and its size is slightly smaller than S . Cedrorum , and its length 
proportionally greater than S . Minervae . The color of the alga changes 
gradually in formalin-preserved material and after a few weeks it assumes 
almost a rose color. When kept in the dark, the violet is retained in- 
definitely. 

j S. amethystinus, as far as it has been found, is confined to the Twin 
Buttes Region, especially to the stream carrying the runoff water from 
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Spray Geyser and the now non-eruptive Imperial Geyser. It has been 
found in water of 42-55° C., and from pH. 8.85 to 8.95. The type (no. 
417) was at 47.2° C. and pH. 8.9, growing in Phormidium laminosum 
(Ag.) Gom. in shallow water. 

4. Synechococcus Minervae, sp. nor. 

Cells single or following division, in pairs, elliptical, naked, pale blue-green 
in color, 3-3. 6/x in diameter by 1.5-2.0 diameters in length, 4.5-7.<ty long. Plant 
mass olive-green to dull blue-green, soft, thin, and flocculent ; or cells scattered 
on or among other algae. Division transverse, ceUs separating promptly after 
division ; pairs frequent but always separating before the next division. Cell 
contents blue-green, with longitudinal rows of fine granules. 

8. Minervae is close to 8. Gedrorum Sauvageau. While the differences 
between the two are slight, they are easily distinguished. 8. Minervae 
is more gibbous, and is distinctly shorter, not exceeding 7[i in length. 
8 . Gedrorum is typically subcylindrical, less often cylindrical or nearly 
so, and is usually longer, often up to 10jx in length. S. Gedrorum is much 
brighter in color while 8. Minervae is paler and often rather olive-green. 
In temperature relations the species are totally different : S . Gedrorum 
(in pure cultures) having an optimum between 20° and 30° C.; S. 
Minervae (in pure cultures) having an optimum above 55° C. 

This species is one of the most abundant and characteristic forms of 
the Mammoth Hot Springs. It occurs most frequently mixed with other 
algae: species of Phormidium , Spirulina labyrinthiformis Menegh., 
Synechococcus lividus (of this paper), and others; rarely it grows alone 
or as a dominant form. The species has been named because of its note- 
worthy abundance at Minerva Terrace, Mammoth Hot Springs, over a 
period of at least four years. The springs at Mammoth in which it has 
been noted include in addition to Minerva Terrace: Orange Spring 
Mound (no. 88), Orange Spring Mound, Jr. (nos. 77, 78, 79, 80, 81, 
82, 83, 86, 87), White Elephant Grottoes (nos. 89, 97, 99, 100), Angel 
Terrace (no. 158), Jupiter Terrace, Diana Terrace, Main Terrace, Hymen 
Terrace, Cleopatra Terrace, Karrow Gauge Terrace, White Elephant 
Terrace, Stygian Caves, and the small marsh below Jupiter Terrace. 
Outside of the Mammoth Hot Springs it is frequent. It is known from 
the Boiling Eiver Group: Riverside Cone; Bijah Group: Bijah Spring 
Pool (no. 132) ; and Twin Buttes Region : Spray Geyser overflow (no. 
426). It has not been found in the major Geyser Basins. Its tempera- 
ture range as observed is 23.5°-64.1° C.; its pH. range from 6.45 to 8.95. 
The type (no. 78, Orange Spring Mound, Jr., almost pure) was growing 
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at 57° C. and pH. 6.8. The species is typically thermal and is abundant 
only above 40° C. and below pH. 7.8. 

4A. Syiteohococcus Minervae 
var. maior, var. nov. 

Cells 3.6-4.2/t in diameter by 1.5-2.0 diameters in length. Cell contents with 
1-6 prominent granules ; without granular rows. Plant mass bright blue-green. 
Otherwise as in the species. 

The variety maior differs from S. Minervae only in slight ways. The 
difference in size is constant and very few cells of the species are as large 
as the smallest of the variety. The two forms are both quite constant 
in nature and also in pure culture. The clear blue-green mass formed 
by the variety maior is distinct from the duller mass of 8. Minervae . 

8. Minei'vae var. maior occurs chiefly as an incidental or occasional 
form among other Myxophyceae or on various algae, especially species 
of PJiormidium. It is found generally throughout the Yellowstone except 
in acid waters and in highly calcareous springs. Its known distribution 
includes Twin Buttes Begion: Spray Geyser (nos. 424, 425, 427, 428, 
429) ; Imperial Geyser overflow (nos. 414, 415, 416) ; Upper Geyser 
Basin: Handkerchief Pool (no. 351); Lower Geyser Basin: several 
springs ; Bijah Group ; Elk Park; and several isolated springs. The type 
(no. 210) is from Elk Park, growing in a small unnamed spring in the 
northeast part of the valley, at 47° C. and pH. 8.05. The temperature 
and acidity range noted for the plant is from 31° to 56.6° CL from pH. 
6.10 to 9.05. 

4B. Synechococctjs Minervae 
var. bigeminatus, var. nov. 

Cells 3.4Ht.O/i in diameter by 1.2-1.6 diameters in length. Cells scattered 
among other algae. Division usually transverse, occasionaUy longitudinal 
Cells separating late after division; single ceUs occasional, pairs numerous 
and groups of four not infrequent. The groups of four are either in the form 
of linear chains or plates. Otherwise as in the species. 

While S . Minervae var. l)i gem hiatus differs from S. Minervae slightly 
in size and shape, their behavior during and after fission is more char- 
acteristic. The larger proportion of paired cells in the variety is quite 
striking and the occasional groups of four are completely distinctive. 
The platelets of four cells are formed by successive divisions at right 
angles to each other. Their formation in a species of Synechococcus is 
anomalous and the retention of this form in the genus would be ques- 
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tionable if it were not for its very close similarity to 8. Minervae and 
S. Cedrorum Sanv. On the other hand, the chains of four cells, some- 
what more n umer ous than the platelets, are formed in the normal man- 
ner, by transverse division. 



Fig. 15. — Synechocoocu8 
amethyetinus (X2650). 




Fig. 10. — Synechococcus 
Minervae (X2420). 





Fig. 17. — Synechococcus 
Mineriae var. maior 
(X2420). 




Fig. 18 — Synechococcus 
Mxnertae var. "bigemi - 
natus (X2420). 


This variety has been found only in the Chocolate Pots (Iron Springs) 
of the Gibbon Valley (nos. 273, 274, 275, 277). The type (no. 277) was 
growing at 51° 0., pH. 7.0. It was associated with SynechococctLs lividus 
var. siderophilus (of this paper), the two growing on and in an encrusted 
precipitate of iron compounds. 
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5. Synechococctts aeruginosus Naegeli 
Gattungen einzelliger Algen, p. 56, 1849. 

Celia ellipsoidal to short-cylindrical, 7-16/4 in diameter by 2 diameters in 
length, mostly single or following division in pairs, bright to pale blue-green, 
rarely golden; ends broacily rounded. Cell contents often with numerous 
peripheral granules. 

The species seems to exist as two possibly distinct forms; the systematic 
relationship of the two is not clear. 

Tilden (1896, 1897, 1898) reported the occurrence of S . aeruginosus 
in a thermal situation in the Yellowstone. The material on which she 
based her report was collected in 1896 in a small cave by a geyser cone 
in the Nez Perces Valley, Lower Geyser Basin. She found it as a com- 
ponent of "algal stalactites” ; the accompanying algae she reported to be 
Phoi'midium purpurascens (Kiitz.) Gom. and Gloeocapsa violacea (Corda) 
Eabenhorst. Later Tilden (1910) states that the P . purpurascens "should 
be placed under Hypheothrix calcicola (A g.) Eab.” The record of 
P. purpurascens, nevertheless, she believed should be allowed to stand 
"since there is some possibility that the material contains a mixture of 
the two species.” The G. violacea (Corda) Eabenhorst I find to have 
been G. compacta Kiitz. It seems doubtful to me that 8. aeruginosus 
Haeg. really occurs in the Yellowstone thermal waters. At least, with 
several hundred collections of material I have not come upon it, and 
there is only the above record in its favor. However, the species is to 
be found in non-thermal waters in the Park. It has been noted on three 
occasions in the vicinity of the Mammoth Hot Springs, on wet and drip- 
ping rocks. 

6. Synechococcus vescu s, sp. nov. 

Plants unicellular, solitary or in pairs, epiphytic on gelatinous algae. Cells 
slender, cylindrical, evenly curved to at most an arc of % of a circle, or occa- 
sionally almost straight (curved in one plane — not twisted), 1.8-2.1/t in diam- 
eter by 8-26/t (mostly 10-20) long, 7-22/t across the arc formed by the bent cell. 
Cell content dear blue-green, more deeply pigmented at periphery, and with 
polar granules single or in unequal pairs. Polar granules variable in shape 
and size, usually large and highly refractile, when pairs are present the ter- 
minal one larger. Plant mass clear blue-green, very soft, flocculent. 

S. vescus falls in the same group with S. Yulcanus (of this paper), 
8. Yulcanus var. bacillarioides (of this paper), and S. arcmtus (of this 
paper). From all of these it may be separated by its greater length, its 
proportionally more slender cells, and by its polar granulation. The fre- 
quent unequal paired polar granules seem to separate it from all other 
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species of Synechococcus. Under the microscope it is one of the most easily 
recognized species of the genus. 

Probably S . vescus occurs throughout the Yellowstone Hot Springs 
except for those with extremely acid water. It reaches its greatest 
abundance in hot, basic waters and there may form an almost pure 
sediment on the bottom of shallow sluggish pools or rills. It has been 
found in the following sites: Upper Geyser Basin: Emerald Pool (no. 
353), Chromatic Spring; Midway Geyser Basin: Excelsior Geyser Crater 
(no. 358); Lower Geyser Basin: Great Fountain Geyser runoff; Twin 
Buttes Region: Spray Geyser (no. 426), Spray and Imperial Creek (no. 
414); Elk Park: small spring (nos. 215, 216, 217); Meadow Springs 
(no. 190) ; Chocolate Pots (no. 273) ; and Mammoth Hot Springs : Main 
Terrace (no. 229). The type (no. 210, Elk Park) was growing at 47° C. 
and pH. 8.05. 

7. Synechococcus lividus, sp. nov. 

Cells cylindrical, usually straight or sometimes feebly curved, 1.2-1.4ju in 
diameter by 5-10jct in length, separating soon after division, but frequently 
in linear pairs. Plant mass flocculent, livid blue-green. Cell contents usually 
with one or two granules, polar in position, sometimes absent ; olive-green to 
dull blue-green. 

Although quite distinct from most of the species of Synechococcus , S . 
lividus is close to certain other species, especially S . elongatus Haegeli and 
S. viridissimus (of this paper). From S. elongatus it differs in its more 
slender form and in possessing a distinctive granulation; from S. viri- 
dissimus, in its more slender cells and definite granule arrangement. 

In the Mammoth Hot Springs the species is widespread and abundant ; 
elsewhere it is rare or occasional. The springs at Mammoth in which it 
has been found include: Orange Spring Mound, Jr. (nos. 77, 78, 79, 
80, 81, 82, 86, 87) ; White Elephant Grottoes (no. 99) ; Angel Terrace 
(no. 158) ; Diana Terrace (no. 201) ; Blue Pool Terrace (nos. 221, 227) ; 
Main Terrace (no. 229); The Esplanade; Orange Spring Mound; 
Minerva Terrace; Jupiter Terrace; Cleopatra Terrace; Hymen Terrace; 
Harrow Gauge Terrace; Mound Terrace; and the Mammoth Swimming 
Pool. Outside of the Mammoth Group it has been found in the Boiling 
River Group: Riverside Cone (no. 272) ; Bijah Group: surface of small 
pool (no. 122) ; Twin Buttes Region: Imperial Geyser (no. 326) ; and 
the Upper Geyser Basin: Handkerchief Pool (no. 351). The known 
range of the plant includes temperatures from 23.5° C. to 68° C., 
acidities from pH. 6.1— 8.8, Its greatest abundance has been found to 
be slightly on the acid side of neutral and between 50° and 65° C. The 
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type (no. 77, Orange Spring Mound, Jr.) was growing at 59° C. and 
pH. 6.5, and along with 8. Minervae (of this paper) was a co-dominant 
form. The total number of collections in which this species was found 
is well in excess of one hundred. In general it accompanied other Myxo- 
phyceae, such as Phormidium , Synecho coccus, and Oscillatoria. 



Fig 19. — Syneihococcu8 
vescus (X1500). 




Fig. 21 — Synechococcus 
Itttdus var. curvatus 
(X1370). 



Fig 20 . — Synechococcus 
hvidu8 (X1870). 



Fig 22 . — Synechococcus 
lividus var. slderopJu 
Jus (X1370). 


7A. Syneciiococcus LIVIDUS 
var. curvatus, var. nov. 

Cells cylindrical, 1.7-2.2 /j In diameter by 6-13 (i in length. Cell contents pale 
bine-green, with usually one or two granules that are not definite in position. 
Cells uniformly and distinctly curved for their entire length, or less often 
almost straight. Cells separating immediately after division so that pairs of 
cells are rarelj found 
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The variety curvatus differs from 8. lividus by its larger size, variable 
granulation, and regular curvature. It is notable that the slight but 
constant difference in speed of separation following division is constant 
over a wide temperature range in both S. lividus and the variety curvatus ; 
there being no deviation in 8 . lividus between 23.5° C. and 68° CL; in 
the variety curvatus , none between 38° C. and 68° C. 

Occurring only in the basic, silicious springs, this variety is locally 
quite important. Its range includes the Upper Geyser Basin (various 
springs and in the Firehole River) (nos. 440, 441, 442) ; Lower Geyser 
Basin; Twin Buttes Region: Spray Geyser (nos. 417, 423) ; West Thumb 
(no. 447) . The type (no. 447) is from the largest spring at West Thumb, 
where it occurred on a stratum of Phormidium lamiuosum (A g.) Gom., 
at 52° C. and pH. 8.6. This variety has been found at from 38° to 
68° CL, at from pH. 8.6 to 9.0. 

7B. Synechococcus lividus 
var. siderophilus, var. nov. 

Cells cylindrical, 1. 5-1.8/* in diameter by 8-15/* in length. Cell contents 
pale blue-green ; mostly with one or two granules of indefinite position. CeUs 
separating very soon after division and pairs rarely found. Cells straight, or 
mostly obtusely bent. 

8 . lividus var. siderophilus is close to $. lividus . It differs from it 
by its larger size, less definite position of granules, more prompt separa- 
tion of daughter cells, and by its often characteristically bent cells. Single 
specimens of the species and variety might in many eases be indistin- 
guishable. With several specimens of each the separation is, neverthe- 
less, sharp. 

The variety siderophilus is named because of its very characteristic 
occurrence in the Iron Springs (Chocolate Pots) of the Gibbon Valley. 
The type (no. 277) is from the largest of these springs, on the east bank 
of the river. The type was growing at a temperature of 51° C. and a 
pH. of 7.0, with Synechococcus ilinervae (of this paper), in and among a 
granular and encrusted deposit of iron salts, the whole having a very dark 
rusty brown color. The ^ ariety has been found at temperatures ranging 
from 43° to 59° C. and at acidities from pH. 6.7 to 7.4. 

8. Synechococcus elongatus Naegeli 
Gattungen einzelliger Algen, p. 56, 1849. 

Syn. : Synechococcus parvulus Naegeli, Gatt. einzell. Algen, p. 56, 1S±9. 

Synechococcus racemosus Wolle, Bull. Torr. Bot. Club 8, p. 37, 1881. 
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Cells cylindrical, straight, 1.4-2.0/a in diameter by 1.5-3.0 diameters in length, 
2-6 /ca long, single or in chains of 2-4 ; cell contents pale bine-green and homo- 
geneous or finely granular. 

8 . elongatus has been studied in pure culture by various workers. While 
constant under normal conditions for growth, involutions have been 
observed in old dry cultures. The abnormal features presented by these 
involution forms were chiefly in part a greater length, irregular curvature 
of the cells, and asymmetric (unequal) fission. Such abnormal cells, 
while striking in appearance, should be easily recognized for what they are. 

In the Yellowstone the species is present in non-thermal sites in its 
usual place : moist earth, edges of pools, wet cliffs, etc. The only locality 
in which its range included even a semi-thermal temperature was at 
Mammoth Hot Springs in the Stygian Caves (no. 145). There it grew 
on the damp shaded roof of a small grotto at 14° C. and pH. 8.1. The 
plant is apparently strictly non-thermal. 


€ZZZ£) 



Fig. 23. — Synechococcu8 
elongatus var. amphi- 
granulatus ( X 1250 ) 



Fig. 24 . — Synechococcus 
elongatus var. vesti- 
tus (X1360). 


8A. Synechogoccus elongatus Naegeli 
var. amphigranulatus, var. nov. 

Tells straight or lightly curved, 2.0-2.9/a in diameter by 1.5-3.0 diameters in 
length, 4.4t-9.0/a long ; plant mass flocculent, arsenic-green, or scattered singly 
among other algae; cell contents bright blue-green, with 1-2 (rarely more) 
prominent polar granules, mostly two in mature cells and one in cells just after 
fission. Otherwise as in the species. 

This variety differs from the species quite sharply and might be con- 
sidered as a separate species. 

Although widely distributed in the Yellowstone, this form was not 
frequently met with in abundance. It has been found in the Meadow 
Springs (nos. 187 and 193); Elk Park: large spring (no. 217); and 
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Twin Buttes Region: Spray Geyser (nos. 424, 427, and 428). The type 
(no. 187) was at 48° C. and pH. 6.65. The extremes of temperature 
and acidity as observed were 83.1° C. and 63° C.; pH. 5.4 and 9.0. It 
will be noted that the variety is clearly distinct from S . elongatus in 
thermal distribution. 

SB. Synechococcus elongatus Naegeli 
var. vestitus, var. nov. 

Stratum clear, light blue-green, up to 1 mm. in thiclmess, usually flocculent 
to fibrous (due to included lime), composed of naked cells held together with 
dendritic calcium-carbonate crystals ; surface of stratum often clothed with a 
fine fragile woolly layer of crystals, sometimes cells scattered among other 
algae; cells cylindrical, straight, 2.0-2.4/a in diameter by 2-4 diameters in 
length, 4r-9[i long. Cell contents homogeneous, without prominent granules. 

While close to the species microscopically, the larger size and propor- 
tionally greater length are distinctive. The elaborate and striking plant 
mass is unique among species of Synechococcus . Undoubtedly the cloth- 
ing and binding action of the calcium carbonate crystals is largely the 
cause of the often firm texture. Further study is needed to determine 
the constancy of the gross characteristics. 

The localities for the species as noted in this study are : — Mammoth 
Hot Springs: Sunken Spring (type: no. 141) ; Bijah Group: small pot 
(nos. 119 and 122) ; Artist’s Paintpots (no. 298) ; Elk Meadow: large 
spring (no. 215) ; Meadow Springs (no. 185) ; and Twin Buttes Region 
(no. 418). It is notable that none of these springs are lime-depositing 
and contain in general only small traces of calcium carbonate (the Sunken 
Spring is one of the few at Mammoth with little lime and no appreciable 
deposition). The type (no. 141) was at 52° C. and pH. 6.35. The 
species ranges from 37.4° to 64.6° C., and from pH. 6.1 to 8.95. Its 
optima are near 54° C. and pH. 6.6. 

9. Synechococcus viridissimus, sp. nov. 

Cells cylindrical, straight or occasionally feebly curved, 2.0-2.5/a in diameter 
by 2-4 diameters in length, 4-11/t long. Cells usually scattered among other 
algae, less often forming a flocculent blue-green indefinite mass. Cell contents 
light blue-green, usually with 1 (0-3) small, conspicuous, flattened refractile 
granule, closely appressed to the cell wall, and indefinite in position. Cells 
single or following division, in pairs. 

8 . viridissimus differs from certain other species of Synechococcus by 
technical but sharp characters. Prom S. lividus (of this paper) it may be 
separated by its more bulky form, its appressed, non-polar granulates, and 
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it> greater size; from 3. elongatm , by its larger size, more elongate form 
and its granulation. 

This species is quite abundant in the strongly basic waters of the 
Geyser Basins, and occurs widely in neutral or feebly acid waters as well. 
The type (no. -142) is from the Firehole River at the point of entrance 
of the overflow from Bijou Geyser and a small hot spring, growing at 
55° C. and pH. 8.55. In this rather typical site, it was growing on and 
among other Myxophyceae : species of Oscillatoria, Phormidium , Hasti- 
gocladus , Symploca , etc., covering them with a thick flocculent layer 
that partially or completely altered their normal appearance. It has 
been noted in the following localities: — Upper Geyser Basin: Emerald 
Pool (no. 353) ; Bijou Geyser (nos. 434, 437) ; Spring on Bijou Cone 
(nos. 440, 441); Rainbow Pool; Sunset Lake; Green Spring; Punch 
Bowl Spring; Chromatic Pool; Beauty Pool; Wave Spring; Beach 
Spring ; and others ; Midway Basin : Grand Prismatic Spring ; Excelsior 
Geyser Crater; Lower Geyser Basin: Tank Spring; Jelly Spring; and 
others; Twin Buttes Region: Spray Ge} T ser (nos. 310, 421, 422, 423); 
Artist's Paintpots (no. 298) ; Meadow Springs (nos. 185, 188, 190, 193) ; 
and elsewhere. The temperature range for the species has been observed 
to be from 42° to 69.5° C.; the acidity range from pH. 5.4 to 9.0. The 
optima seem to be about 58° C. and pH. 8.4. The species is strictly 
thermal. 

10. Syneehoeoccus Yulcamis, sp. nov. 

Cells cylindrical, straight or feebly curved, 2.1-2.4|x in diameter by 7-17 y, 
in length. CeU contents homogeneous, pale yellowish-green. Cells among 
other algae or forming a poorly defined lemon-yeUow flocculent stratum. 

On the whole, this is one of the most distinct of the Yellowstone species 
of Synechococcus. Involution forms have been noted at temperatures 
above 82° C. 

This species is the characteristic limital thermal form of the strongly 
basic springs of the Geyser Basins. The type (no. 324) is from the over- 
flow of the Imperial Geyser Crater, Twin Buttes Region, where it formed 
at pure growth on the bottom of the creek at 71.1° C. and pH. 8.8. The 
typical lemon-yellow color was modified in this site by a mixture of silt 
with the algae. The species has been found in several springs, including 
the following: — Twin Buttes Region: Imperial Geyser Crater (nos. 322, 
324, 327, 415) ; Spray Geyser (no. 353) ; Black Sand Pool; Punch Bowl 
Spring; Morning Glory Pool; and others; Midway Basin: Grand Pris- 
matic Spring; Excelsior Geyser Crater; Lower Geyser Basin: Great 
Fountain Geyser; Elk Park: Large Spring (no. 214). Its range in tern- 
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perature and acidity has been observed to extend from 47.2° C. to 84° C., 
from pH. 8.6 to 8.9. Its optima are probably near 70° C. and pH. 8.8. 
It is notable that only two species of Myxophyceae have been recorded 
at higher temperatures than this one inhabits: Phormidium bijaliensis 



Tig. 27. — Si/neihococcii8 Fig 28 — Si/ncohococcus 

Tulcanus var. laciU atcuatus (X1840) 

latioidca (X1390). 


(of this paper), found up to 65.2 0 C., and Oscillatoria filiformis (of this 
paper), up to 85.2° C. One other species, Phormidwm geysericola (of 
this paper), has been found at as high a temperature (84° C.). At the 
lower temperature range for the species it occurs as an incidental form, 
mixed with other Myxophyceae. 
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10A. Synechococcus Vuloanus 
var. bacillarioides, Yar. nov. 

Cells straight or usually feebly curved; 2.5-3 .0/* in diameter by 7-1 6/* in 
length. Cell contents bright blue-green. Otherwise as in the species. 

This variety is close to the species in morphology but distinct in dis- 
tribution and gross appearance, and is much less common. The type 
(OS.28) is from Jupiter Terrace at the Mammoth Hot Springs; the 
other sites include: Midway Geyser Basin: Excelsior Geyser Crater 
overflow (nos. 357, 358); Bijah Group: Bijah Spring (nos. 132, 133). 
It has been found m waters at from 58° C. to 66.5° C., from pH. 7.1 
to 8.3. 

11. Synechococcus arcuatus, sp. nor. 

Cells cylindrical, strongly and evenly curved, 1.5-2.0/* in diameter by 6-11/* 
in length, cells scattered among other algae or forming a loose flocculent 
gray-green to dull blue-green stratum. Cell contents homogeneous, without 
prominent granules, dull blue-green. 

The even marked curvature of the cells gives this species a character- 
istic appearance not easily confused with the other species of Synecho - 
coccus . 

It has been found in several sites that present a variety of conditions. 
The type (no. 132) is from Bijah Spring, where it occurred at 64.1° C. 
and pH. 7.95 as a co-dominant form. Other localities include: Upper 
Geyser Basin: spring near Grand Geyser (no. 391) ; Handkerchief Pool 
(no. 351); Twin Buttes Eegion: Spray Geyser (no. 423); Chocolate 
Pots (nos. 274, 275) ; and elsewhere. The species is met with usually 
as an epiphyte on larger Myxophyceae as species of 0 sanatoria,, Phor- 
midium, Symploca , Thdpophila , etc. or as a flocculent precipitate on 
the bottoms of quiet pools. It inhabits water from 50° to 65° C., pH. 
6.2 to 8.75. Its temperature range is apparently quite limited and it 
was noted in abundance only between 55° and 64.1° C. 

DACTYLOCOCCOPSIS Hansgirg 
Syn. gen. subgen. Myxoph., Notarisia 3, p. 590, 1888. 

Cells cylindrical to ovoid or egg-shaped, pointed at one or both ends or 
tapering; straight, curved, bent or twisted, usually united into small colonies 
by an almost invisible matrix, or occasionally unicellular and without sheaths. 
Fission transverse. 

Type species: Dactylococcopsis rhaphidioides Hansgirg. 

The species of the genus live on moist soil, rocks, etc., or in standing 
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or slowly flowing water, often as plankton forms ; brackish habitats are 
rare and marine have not been noted. D. mudcola Hustedt and D. ant - 
arctica F. E. Fritsch occur on and in the matrix of Nostoc spp. (and 
elsewhere). There are no previous records of the genus from thermal 
sources. 

A single Yellowstone species. 

1. Dactylococcopsis Antarctica F. E. Fritsch 
Freshwater Algae Nat. Ant. Exped., Nat Hist. 6, p. 22, 1912. 

Cells short spindle-shaped, often somewhat curved or slightly bent; apices 
acutely rounded but not sharp-pointed ; 1.5-2.0/* in diameter by 4-6/x in length : 
cell contents pale blue-green, with one to a few small refractile granules. 

Up to the present the only record for the species seems to be that of 
Fritsch (1912). He described the plant as growing on the surface of 
IXostoc commune Yauch., in the Antarctic. The presence of the species 
in the Yellowstone is surprising. The only site in which the organism 
was noted in the Park was at the edge of the rill from Spray Geyser at 
its junction with Imperial Creek, Twin Buttes Region (no. 429). There 
it was growing in small quantities on Phormidium laminosum (Ag.) 
Gom. and other gelatinous Myxophyceae at from 26° to 34° C. and at 
pH. 9.05. 

It seems probable that the species is much more widely spread than 
the recorded data indicate and its occurrence in two such remote regions 
is less remarkable than it at first appears. 

EXTOPHY S ALID ACE AE Geitler 

in Rabenhorst’s Kryptogamen-flora XIY, p. 292, 1931. 

Syn. : Entopbysalidales Geitler, synop. Dar. Cyan., Beib. Bot. Centralbl. 41, 
pt. 2, 1925. 

Key to the Yellowstone Genera. 

I. Plants filamentous. Heterohormogonium (p. 64) 

II. Plants with a tubular sbeatb inclosing parallel placed, elongate cells or cell 
pairs, not filamentous. Bacillosiphon (p. 66) 

Heterohormogonium, gen. nov. 

Plants free monosiphonous, branching filaments ; cells imbedded in a gelat- 
inous tegument, separate from each other and without intercellular proto- 
plasmic strands. Branches originating by longitudinal division of one or a 
few intercalary cells and the subsequent splitting of a portion of the filament, 
eventually f oUowed by the rupture of one or both sides of the loop thus formed ; 
branching pseudodichotomous, often appearing lateral. Specialized cells 
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(heterocysts, spores, resting cells, etc.) absent. Hormogonia absent. Multipli- 
cation by fragmentation into shorter filaments, or by the discharge of single 
cells through dissolution or breaking of the tegument. 

Type species: Heterohormogomum schizodichotomum. 

The filaments bear a strong resemblance in their general structure to 
those of Cyanothrix Gardner. TJnlike Cyanothrix, the branching and 
the liberation of single cells occur regularly in Heterohormogonium. 
Gardner (1927), in describing Cyanothrix , was handicapped by the 
scarcity of material. He suggested the probability of Cyanothrix free- 
ing single cells in multiplication. 

The systematic position of this genus as well as Cyanothrix is prob- 
lematical. Gardner placed Cyanothiix in the Chrooeoccaceae, along with 
such genera as Placoma Schousboe and Entophysalis Kiitz. He does not 
recognize the Entophysalidaceae as distinct from the Chroococcaceae. 
Geitler (1932) placed Cyanothrix tentatively in the Endonemataceae be- 
cause of a resemblance to Endonema Pascher, and at the same time noted 
that it might be better placed in the Entophysalidaceae. The position 
of Heterohormogonium is rather more clear. The known lack of endo- 
spores tends to separate it from Endonema, and the fragmentation proc- 
esses tend to ally it more closely with the Chrooeoccales. I am placing 
Heterohormogonium in the Entophysalidaceae and suggest that Cyano- 
thiix might well belong in the same group. The growth habit and struc- 
ture of Lithococcus Ercegovic (a member of this family) while much 
less sharply defined than that of either Cyanothiix or Heterohormo - 
gonvum, is similar to them. Especially the clathrate, “branched” plant 
body is suggestive of the unique branching of Heterohormogomum. 

A single species. 

Heterohormogonium schizodichotomum, sp. nov. 

Filaments scattered among other algae, pale arsenic green in color, flexuous to 
flexuously contorted, and somewhat entangled, around 2 n in diameter by up to 
cir. 1 mm. in length, mostly somewhat fragile and usually comparatively short ; 
branching sparse. Branches frequently poorly developed and often forming 
merely short segments with a double row of cells, or short loops, but frequently 
long and free and appearing lateral or subdichotomous, similar to the main 
filament in size and structure. Tegument homogeneous, hyaline, firm, thin. 
Cells spherical to compressed spherical, distinctly separated, never crowded 
but often close or often distant; 1.2-1.6/a in diameter by 1.0-2.5/a in length, 
frequently in pairs flattened on adjacent sides ; contents finely granular. Free 
cells spherical, 1.4t-1.6aa in diameter, naked, soon forming short sheathed 
filaments. 

The only locality known for the plant is Soda Spring, Mammoth Hot 
Springs, where it was growing with diatoms, Cham , , species of Os cilia- 
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toria, and purple bacteria at 28-42° C. and at pH. 6.5. The type (no. 
127) was at 30° C. In this small spring the alga was quite common — a 
single drop of the ooze from the bottom usually having from 25 to 100 
filaments. Soda Spring is a strongly mineral spring, that is at most 
lukewarm. Chemically and algologically it is distinct from the Mam- 
moth Hot Springs formation. It may be described as a non-depositing, 
semi-thermal spring with calcic sulphated alkaline water with a feebly 
acid reaction (acid due to dissolved carbon dioxide). 



Fi*. 29 . — Eeterohormogonium schisodichotomum , above, filaments with stages in 
branch development; below, free cells and young filaments (X1440). 


Bacillosiphon, genus nov. 

Plants tubular, tapering at both ends; consisting of a gelatinous tubular 
sheath and an axial core of numerous rod-shaped cells imbedded in a 
homogeneous matrix. Cells without regular arrangement, single or in pairs 
following division, mostly parallel with the length of the tubular plant; not 
forming filamentous cell rows or regular chains of cells Heterocysts, endo- 
spores, exospores, intercellular protoplasmic strands absent. Multiplication 
through the discharge of cylindrical, feebly motile planococci from the ends of 
the filiform plants. 

Type species: Bacillosiphon induratus . 

The systematic place of Bacillosiphon is questionable. The absence 
of exospores and endospores, and base-apical differentiation, eliminate it 
from the Chamaesiphonales. The irregular but definite arrangement of 
the cells, oriented in a direction parallel with the length of the plant, 
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suggests a relationship (but not a close one) to such genera as Pseudon- 
cobyrsa Geitler and Lithocapsa Ercegovic. The placing of the genus in 
the Entophysalidaceae is, nevertheless, tentative. The close similarity 
in general form to such Oscillatoriaceous genera as Microcoleus Desm. 
is apparently only a superficial resemblance, and in the absence of other 
more fundamental similarities seems to be of no importance. 

A single species. 




Fir, UO — IUh illosiylu n intHnat is, abo\e, poition of plant with lime 
mciubiation (X233) f middle, ape's: of decalcified plant (X410) ; 
lo'sver, detail of decalcified plant (X1020) 


Bacillosiphon induratus, sp. nov. 

Plants bright white, filiform up to 3 mm. in length, and tapering at both 
ends to blunt apices, up to 40 /a in diameter in the middle portion and tapering 
gradually at the ends down to 0-10/a in diameter. Sheaths firm, hyaline and 
colorless, and heavily nieiusted and indurated with lime, mostly opaque; lime 
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impregnation confined to tlie superficial portion of sheath, inner part of sheath 
and matrix of core in which cells are imbedded colorless and not indurated ; 
matrix of core difficultly visible and soft Cells cylindrical, with rounded 
ends, numerous and from few to 13 or 20 present in cross section ; distinctly 
separated from each other by the gelatinous matrix, except following division ; 
1 S-2.2fi in diameter by 7-15^ in length. Cell contents homogeneous, blue-green. 
Cell division transverse. Multiplication through the liberation of single, slug- 
gishly motile cells (planococci) from the open ends of the plants. 

B. induratus is unique. Its white color, due to the heavy lime in- 
crustation, is strikmg among Mvxophyceae, and its general morphology 
is unparalleled among the unicellular and colonial blue-green algae. 

While quite rare and local, B . induratus seems to be a regular com- 
ponent of the lmntal flora m certain springs at Mammoth. The type 
(OS. 33), from Miner* a Terrace, and collections from Angel Terrace 
indicate its temperature range to be above 62° C. The type was at 70° C. 
and pH. 6.6. 

CHAMAESIPHOXALES Wettstein 
Handbuch d. system. Botanik, 3rd ed., 1924 
Key to the Families 

I Vegetative cell division present ; plants or colonies multicellular. 

1. Plants blastoparenchymatous, pseudoparenchymatous, or filamentous, 

and usually laterally united in a common tegument or with a creeping 
basal portion or endolithic; sheaths and matrix hyaline; reproduction 
through endospores. Plettbocapsaceye (p. 68) 

2. Plants filamentous, free. 

A. Sheath thick, orange to reddish brown; filaments polysiphonous ; 
reproduction through gonidia. 

SlPHONONEMATACEAE (*) 

B. Sheath thin, hyaline : filaments monosiphonous ; reproduction through 
endospores. 

Endonemataceae (*) 

II. Vegetative cell division absent ; plants unicellular but often gregarious. 

1. Reproduction through endospoies. Debmocarpacbae (p. 72) 

2. Reproduction through exospores. Ciiamaesipiionaceae (p. 75 ) 

PLEUROCAPSACEAE Geitler 
in Rabenhorst’s Kryptogamen-flora, Bd. XIV, 1931. 

Syn. : Pleurocapsales Geitler, Beih. Bot. Centralbl , 1925. 

Key to the Yellowstone Geneba 
I. Plants blastoparenchj matous and three dimensional, unattached. 

Myxosarcina (p. 69) 


* Not kntmn trom the Yellowstone 
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II. Plants feebly filamentous or blastoparenchymatous and usually irregular 
two dimensional sheets, attached Xknococcus <p. 70) 

MYXOSARCIXA Printz 

Subaer. Alg. South Afr., K Xorske Vidensk. Selsk. Skrift.,. p 35. 1920. 

Colonies unattached, spherical to ineguldilj spheioidal or ovoid, sometimes 
lobed, blastoparenchymatous with cells cuboidal. polygonal, or subspherical, 
flattened on adjacent faces and angular Cell divisions in three planes, cells 
often in ii regularly cuboidal groups or packets. Sheath thin to moderately 
thick, distinct. Reproduction by endospores. 



Fig. 31 — Myrow ana ametliustma , lett, joung and mature colonies 
(X2000) , uppei light, portion of colom shoeing endospore toimation 
<X3(100), lew ei right, geminating end>bpoie> and \oung sporelmgb 
(X2000) 

Type species: 2Iyxo$arcina concinna Printz. 

The species of Myxosarcina are known from tree trunks m South 
Africa, and from moors and swamps in Austria and Tyrol. Xone have 
been credited to either thermal sites or to America. In the Yellowstone 
tho genus is rare. 

A single Yellowstone species. 

Myxosarcina amethystina, sp. nov. 

Colonies occurring among other Myxophyceae. ovoid or less often subspherical 
or irregular, at maturity mostly 16 to 30-celled, 14~25/a by 28-40/i in size. 
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spherical to cuboidal when young. Cells dose together but not tightly packed, 
flattened anti angular by mutual pressure, but never sharply angular, 4.5-6.0 p 
in diameter, irregularly spheroidal to polygonal, with definite constrictions 
between cells. Cell contents blue-green, gray-violet, or steel blue, often with an 
amethyst tint; mostly with a single large granule, otherwise homogeneous. 
Matrix thin, hyaline, homogeneous, thinner between the cells than on periphery 
of the colony, about 0.3-0.5 n in thickness. Endospores spherical, cir. 0.5 /* in 
diameter, produced in large numbers, often in all cells of the colony. Plant mass 
(when colonies are numerous enough to form visible masses) amytliystine, 
friable. 

In general aspect 21. amethystina is close to M. chroococcoides Geitler. 
From this species it differs m its smaller cell size, more ovoid and less 
lobed colonies, and in its lack of the Sareina-like packets of cells in the 
colonies. From the other species, M. concinna Printz, it differs by hav- 
ing less packed cells, fewer cells in the mature colonies, and in its gen- 
eral appearance. The large prominent granule in the cells of M. ame - 
tliyxtinn is not found in the cells of other species. 

The plant has been found in a single site only, a spring at the source 
of Fairy Creek, abo^e the entrance of the stream from Spray and Im- 
perial Geysers, Twin Buttes Region. Here it grew in the floating algal 
mat that co\ered the warm spring pool. It was mixed with other Myxo- 
phyeeae: Oscillatoria princeps var. tenella (of this paper), 0 . terebri- 
formis (Ag.) Gom., Phormidium tenue (Mene.) Gom., Anacystis ther- 
mali s (of this paper), and incidental forms. The plant was frequent to 
abundant at temperatures from 37° C. to 46° C., and pH. 8.1. The type 
(no. 413) was at 42° C. 


XENOOOCCBS Thuret 

in Boraet & Thuret, Notes algologiques. 2, p. 73-75, Paris, 18S0. 

Colonies one to several layers of cells in thickness, either blastoparencliyma- 
tous, or at first blastoparenchymatous and later becoming filamentous, or 
crustaceous and obscurely blastoparenchymatous, attached and often “creep- 
ing,” solitary or gregarious, with more or less evident polarity. Filaments 
often branched at maturity. Cells spherical, pyriform or irregularly polygonal, 
often in small packet-like groups. Matrix usually thin, hyaline, homogeneous, 
rarely lamellate. Endospores produced in large numbers, mostly in the terminal 
cells. 

Type species: Xenococcus Schousboei Thuret. 

The species of Xenococcm grow mostly on filamentous algae, either in 
fresh or salt water, thermal species have not been reported. 

A single Yellowstone species. 
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Xenococcus yellowstonensis, sp. nov. 

Cells spherical to subspherical, often angular by mutual pressure 6-10 /* in 
diameter by 7-11/* in length, bright blue-green, united into an irregular botry- 
oidal or foliose or almost filamentous prostrate thallus of microscopic size, at 
most less than 150/* in greatest dimension ; thallus 1-3 cells in thickness, 1-5 
cells broad, and up to 18 cells in length. Sheaths hyaline, homogeneous, up to 
1.8/* in thickness. Most or all cells of mature thalli producing numerous endo- 
spores 0.6-1.0/* in diameter. 



Fig. 32. — Xenococcus yellowston- 
ensis (X1000). 


X. yellowstonensis is close to X . Schousboei Thuret, from which, it dif- 
fers in having thicker, less extended strata, less crowded and more 
rounded cells, and a homogeneous, not lamellate tegument. It can be 
readily separated by these characters ; it is totally foreign to the marine, 
non-thermai X. Schousboei in habitat. 

The species occurs on and in the strata of other Myxophyceae, espe- 
cially those of Chroococcus and Phormidium . The known range of X. 
yellowstonensis is very limited. It was found only in one of the Meadow 
Springs cir. one-quarter mile north of Semicentennial Geyser. There it 
was growing in water ranging from 51° to 65° C. and at about pH. 5.4. 
The type (no. 193) was at 62.2° C. and pH. 5.4. At best the plant is 
rather rare in this spring, although adequate material was easily procured. 
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DERMOCAEtPACEAE Geitler 

Synopt. Darst. Cyan., Beih. Bot. Centralbl. pt. 2: p. 247, 1925. 

Key to the Yellowstone Genera. 

I. Plants spherical, unattached, without base-apical differentiation. 

Pltjto (p. 72) 

II. Plants attached, with base-apical differentiation. Dermocarpa (p. 74) 


Pluto, gen. nov. 

Plants unicellular, spherical, without base-apical differentiation, with a thin 
gelatinous tegument ; vegetative division absent : multiplication through endo- 
spores cut out with the division planes at angles of 120° to each other, endo- 
spores 4 in each cell. 

Type species: Pluto caldarius (Tilden). 

The closest relatives of this genus are Dermocarpa Crouan and pos- 
sibly Hyxosarcina Printz. In Myxosarcina the repeated cell divisions 
are at right angles to each other, and the endospore formation is of the 
usual type. Unlike Dermocarpa, Pluto is unattached, perfectly spher- 
ical, and produces only four endospores in each cell. The tripartite 
group of spores in Pluto is unique among the Myxophyceae. The genus 
is based on the single species Pleurocapm caldaria (Tilden) Setchell. 
Pluto is totally unlike Pleurocapsa in lacking vegetative divisions, never 
forming filaments, and in producing fewer endospores, which are formed 
in each normal cell. 

The species, described from the Yellowstone, is found in acid, hot 
waters. Its occurrence on Roaring Mountain, in the Mud Volcano, and 
in other places where the forces of vulcanism are so much in evidence 
has caused me to dedicate this genus to the God of the Underworld, 
Pluto. 

A single species. 


Pluto caldarius (Tilden), comb. nov. 

Syn. : Protococcus botryoidcs f. caldaria Tilden, 1898. 

Ghroococcus varius A. Braun (by Tilden, 1896). 

Pleurocapsa caldaria (Tilden) Setchell, 1901, in CoUins, Holden and 
Setchell : Fas. 18, no. 851. 

Plant mass flocculent, yellowish to livid blue-green or arsenic green. Plants 
unicellular, spherical or rarely angular by mutual pressure, 4-6 a in diameter ; 
cdl contents homogeneous, pale green. Tegument thin, homogeneous, and 
hyaline, often granular in spots with a precipitate of silica. Endospores 4, in 
a tripartite group when first formed, angular, becoming spherical before libera- 
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tion, 1.5-2.5 /a in diameter, liberated through the disintegration of the parent 
cell membrane. 

In the acid waters of the Yellowstone this species is very common. 
Tilden (189S) reported it from several localities: Norris Geyser Basin: 
Constant Geyser, 49° C., Frying Pan Group; unnamed spring, 38° C.; 
and Green Spring (not the Green Spring of the Upper Geyser Basin, 
possibly Semicentennial Geyser before the eruption of 1922), north of 
Norris Geyser Basin. Elsewhere it has been reported only from the 
Devil’s Kitchen ‘“Geysers”, Sonoma, California, where it was found by 
Setchell and Hunt (Setchell, 1901). 



Fig. 33 . — Pluto caldarius (Tilden), stages in 
development and sporulation (X1500). 


I have found the species in numerous springs including: Mud Vol- 
cano, Dragon’s Mouth Spring, and associated springs; Great Sulphur 
Spring and smaller springs in the Crater Hills; Roaring Mountain, 
Lemonade Creek, Semicentennial Geyser, Frying Pan, and Obsidian 
Creek ; Blue Geyser, Apple Green Geyser, Iris Spring, and others in the 
Norris Geyser Basin; springs in the Monument Geyser group; and in 
several isolated springs. The abundant growth of this alga is the most 
striking feature of many springs, especially in the Norris Basin. Sev- 
eral, notably Apple Green Geyser, Emerald Spring, and the Green 
Dragon Springs, have been named in allusion to the livid and beautiful 
strata of Pluto occurring in their waters. The pH. range for the species 
as I have found it is from 2.6 to 5.4; the temperature range 34° C. to 
80.2° C. For a single species to live and develop normally through the 
temperature range that P. caldarius inhabits is highly unusual. The 
species is one of the six species of Myxophyceae I have found in the 
Yellowstone at temperatures of 80° C. or above. The site at which it 
was found growing at the highest temperature (80.2° C.) was at the 
edge of the Great Sulphur Spring in the Crater Hills. This spring is 
actively boiling and semi-eruptive; the water in the crater is around 
91° C. Every fifteen to thirty minutes water at about 90° C. flowed over 
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the growth of P. caldarius and at such times its temperature was almost 
at the boiling point. Between these intermittent scalding baths a slow 
trickle of water kept the alga wet. The lowest temperature reached at 
the edge of the algal growth, during the period of observation (five 
consecutive days) was 80.2° C. Undoubtedly Pluto caldarius can endure 
water with a temperature as high as 90° C. without injury. 

P. caldarius was found to be the most satisfactory index species of 
the sharply acid waters of the Park. When the growth was abundant, 
the acidity was regularly below pH. 5.0. 



Pig. 34 . — Dermocarpa rostrata , mature and sporu- 
lating plants ( X 1750 ) . 


DERMOCARPA Crouan 
Ann. Sc. Nat. Bot., Ser. 4, 9, p. 70, 1858. 

Plants unicellular or with one-celled sporangium and a smaller stalk cell, 
attached, with base-apical differentiation, gregarious or solitary. Cells spher- 
ical, ovoid, pyriform, or vase-shaped, with a gelatinous stalk or attaching disk, 
less often with a special stalk cell at base of plant. Endospores 4 to many, 
formed by simultaneous or successive divisions and using all or most of the 
protoplasm of the ceU, sometimes beginning at the apex and progressing down- 
ward. Endospores liberated through an apical slit, by dehiscence of the apical 
portion of the cell wall, or by gelatinization of the entire cell wall. 

Type species: Dermocarpa violacea Crouan. 

The majority of the many species are marine, several are of fresh 
water; no thermal ones have been noted; they occur chiefly on various 
algae, less often on mosses and other water plants. 

A single Yellowstone species. 

Dermocarpa rostrata, sp. nov. 

Plants solitary or gregarious, attached to larger algae. Cells elongate, sub- 
cylindrical, irregular, tapering toward both base and apex; in diameter 
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by 15— 25 a* In length, pale blue-gray, with minutely granular or almost homogene- 
ous contents. Apes asymmetrically blunt-pointed and bent. Base of cell 
evenly rounded, without stalk cell, with a gelatinous stalk 2-4^ in length and 
1-2/* in diameter rising from a disk-shaped, hyaline or brownish, thin “foot” 
4-7/* in diameter. Endospores numerous, 15-40, angular at first, becoming 
spherical, 1.5-2.5 /* in diameter, escaping through an apical slit in the membrane. 
Divisions to form endospores simultaneous or almost so, no protoplasm left in 
sporulating cells. 

This species is as distinct as any of the many representatives of Dermo - 
carpa . It shows possibly closer resemblance to the marine D. cuspidata 
(Eeinsch) Geitler than to any other. It is considerably larger than this 
species, possesses a definite stalk, has an asymmetric although pointed 
apex, and a thinner membrane. In D. cuspidata endospore formation 
has not been observed. 

D. rostmta was found growing abundantly, along with Ghamaesiphon 
incrustans Grunow, on dead and dying Gladophora, (type: no. 432) in 
the Firehole River opposite the Biscuit Basin at 22.5° C. and pH. 8.2. 
The species gives no evidence of being thermal but it has not been 
found m waters of a normal temperature for the region (cir. 8-12° C. 
in the Firehole River where not heated by thermal waters, in the sum- 
mer). 


CHAMAESIPHONACEAE Geitler 

Synop. Darst. Cyan., Belli. Bot. Centralbl., pt. 2 : p. 249, 1925. 

Not Chamaesiphonaceae Borzi in N. Giorn. Bot. Ital., 1882. 

A single genus. 

CHAMAESIPHON A. Braun et Grunow 
in Rabenkorst, FI. Eur. Alg. 2, p. 148, 1805. 

Plants unicellular, ellipsoidal, cylindrical, claviform or pyriform, spherical 
when young, with base-apical differentiation, attacked and usually epiphytic, 
mostly erect or suberect, solitary, gregarious, or aggregated into masses ; basal 
part of cell forming an attacking structure, sessile or stipitate; distal end 
rounded and producing by abstriction a series of one to many spherical exo- 
spores, that lire shed immediately after formation or later. Pseudovagina 
(sheath) often lamellate, hyaline, golden, brownish, blackish, or reddish, open 
above in mature plants, ('ell contents homogeneous or finely granular, often 
with a single prominent granule, blue-green, olive-green, grayish, violet, or 
reddish violet. 

Type species : Ghamaesiphon confervicola A. Braun. 

The several species of Ghamaesiphon inhabit flowing or standing fresh 
water, wet or periodically moist rocks, and are attached to the substratum 
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directly or more frequently to larger algae, mosses, and other aquatic 
plants. C. incrustans Grunow, a common, chiefly non-thermal species, 
has been reported from warm springs at Los Banos, Porto Rico, where 
it occurred on Oedogonium . It is safe to assume that it was growing 
at not above 35° C., since Oedogonium rarely occurs at temperatures as 
high as 30° C. The Yellowstone observations tend to strengthen the 
status of Chamaesiphon as a non-thermal group of species. 

Key to the Yellowstone Species 
I. Cells up to 3 fA in diameter by up to 6 n in length. 

1. Pseudovagina thin, almost invisible, cells up to 2.5 /* in diameter. 

C. miniitw 1. 

2. Pseudovagina thick, easily visible, cells up to 1.8/* in diameter. 

C. minimus 2. 

II. Cells 4-S in diameter by 7-30/* in length. C. incrustans 3. 

1. Chamaesiphon mintttus (Rostaf. ) Lemm. 

Krypt.-Fl. Mark Brandenb., 3, p. 98, 1910. 

Cells solitary or gregarious, almost cylindrical or obscurely egg-shaped, 
sometimes lightly curved, up to 3/* in diameter and up to G /* in length (usually 
not over 5/*), pale blue-green or olive-green, attached by a broad short gelat- 
inous stalk. Pseudovagina thin and delicate, colorless. Exospores mostly 
single, spherical, 2.0-2.5 /* in diameter. Cell contents mostly with a prominent, 
usually basal granule. 



Fig 35 — Chamaesiphon minutns (Rostaf ) 
Lemm. (X1400). 


C . minutus is poorly known in the Western Hemisphere. It has not 
been credited to thermal sources. 

In the Yellowstone it occurs in the Pirehole, Gibbon, and Madison 
rivers in non-thermal waters. In the Firehole it extends into portions 
of the river that are distinctly warmed by the overflows of hot springs. 
Opposite the Biscuit Basin it was found in water up to 26° C., growing 
on Cladophora, along with Dermocftrpa rostrata (of this paper) and other 
epiphytic algae (nos. 431, 432). The species is evidently non-thermal 
and extends its range into at most tepid waters. The water at this site 
had an alkalinity of pH. 8.2 ; in the strictly non-thermal sites the water 
ranged from pH. 6.8 to 7.4. 
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2. Chamaesiphox minimus JSchmidle 
Beitr. FI. Afrika, Engler’s Bot. Jahrb. 30, p. 62, 1902. 

Cells solitary or gregarious, cylindrical with rounded ends, straight, 1.8/* in 
diameter by up to 3.3/* in length, blue-green, attached by a broad short gelat- 
inous stalk. Pseudovagina thick, easily visible, colorless, conspicuous even 
around the cell body. Exospores single, spherical, cir. 1.5/* in diameter. Cell 
contents homogeneous, without prominent granules. 

Known only from equatorial Africa and eastern Europe, the species 
is quite an interesting addition to the American flora. 

In the Yellowstone it has been found in a single site only, but over a 
period of four years time. It grew on Oedogonium and Cladophora in 
the Eireliole Ri\er opposite the Biscuit Basin at cir. 20-24° C. and at 
pH. 8.2 (no. 432). At this point the waters from several hot springs 
enter the river and keep the water a little warmer than that in the river 
above the springs. The plant is evidently non-thermal and is to be found 
only m cool locations, but it has not been observed in strictly meteoric 
v aters. 



Pig. 36 — Chamaesiphon tncrustans Grunow 
(X720). 


3. Chamaesiphon incrustans Grunow 
in Rabenliorst, FL Eur. Algar. 2, p. 149, 1S65. 

Plants solitary or gregarious, often densely so ; cells va^e-shaped to almost 
cylindrical, straight or slightly curved, up to S.3/* in diameter and tapering to 
1-3 fi at the base, up to 30/* in length, blue-green, olive-green or, less often (in 
deep water), reddish violet. Pseudovagina thin, firm, hyaline. Exospores 1-3, 
rarely more, cir. G-7/* in diameter. Cell contents finely granular. Attached at 
base by a slender, very short, gelatinous stalk. 

Growing in standing or running fresh water on algae, mosses, and 
other water plants, C. incrustans is the best-known species of the genus. 
It is found generally in the United States. The only record of the 
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plant from thermal sources is that of Sintenis (Mobius, 1888) from 
a warm spring in Porto Eico. 

In the Yellowstone it is frequent in the streams and ponds. It has 
been noted chiefly on Oedogonium and Cladophord. In the Pirehole 
Eiver opposite the Biscuit Basin it was found at 22.5° C. (nos. 431, 432) , 
at pH. 8.2. It is typically non-thermal. 

Oscillatoriales, nomen novum 

Syn. : Hormogoniales Wettstein, Handbuch der systemat. Botanik, 
3rd. Ed., 1924. 

Hormogoneae, of many authors. 

Filamentous Myxophyceae, with the cells of the trichome joined by often 
minute and difficultly visible, intercellular, protoplasmic strands (plasmodesma) . 

Key to the Families 

X. Trichomes branching, the branch initial cell arising by a division parallel to 
the polar axis of the cell. 

1. All branches strictly lateral. 

A. Branches all of a single type (often different from the main fila- 
ment), never ending in heterocysts. Stigonemataoeae (p. 82) 

B. Branches of two sorts, one type long and often tapering, the other 

short and often ending in a heterocyst. Nostochopsaceae (*) 

2. Part of the branches (especially the upper) dichotomous or subdichoto- 
mous. 

A. Filaments free, or at most in a gelatinous matrix. 

a. Branching subdichotomous and lateral; plant mass gelatinous. 

Capsosiraceae (*) 

b. Branching dichotomous and lateral ; plant mass fibrous, not gelat- 
inous. Loriellaceae (p. 79) 

B. Thallus nematoparenchymatous, with laterally united more or less 

radially arranged filaments. Pulvinulariaceae (*) 

II. Trichomes unbranched (filaments often branched) ; all cell divisions at 
right angles to the polar axes of the cell (except ( ?) rarely in the formation 
of endospores) ; trichomes always monosiphonous. 

1. Trichomes with “V” branching (sometimes suppressed). 

Mastigocladaceab (p. SS) 

2. Trichomes without “V” branching, often with ordinary false branching. 

A. Filaments with sharp cup-like basal attaching stalk; heterocysts 
absent ; filaments tapering at tips ; epiphytic on water mites. 

SOKOLOYIACEAE (*) 

B. Filaments otherwise, without cup-like basal attaching cell (often 
basally attached, often tapering, heterocysts present or absent). 

a. Trichomes with false branching. 

* Not known from the Yellowstone. 
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*. Trichomes not tapering ; never ending in colorless hairs. 

S O YTONEMATACEAE (p. 92) 

**. Trichomes tapering toward the apices, mostly ending in color- 
less hairs. 

!. Plants consisting of two-ended, more or less prostrate fila- 
ments with more or less erect, tapering branches or filament 
apices. Ham matoideaceae (p. 101) 

! !. Plants consisting of tapering, base-apically specialized fila- 
ments, tapering at a single end only. 

HmJLARIACEAE (p. 106) 
b. Trichomes without false branching (often with false-branching 
filaments) . 

*. Heterocysts present. 

!. Sheaths firm, thin, not slimy, not confluent. 

Microohaetaceae (p. 127) 

! !. Sheaths soft and gelatinous or slimy, often absent, often 
confluent. Nostocaceae (p. 130) 

**. Heterocysts absent. Osctllatobiaceae (p. 139) 


LORIELLACEAE Geitler 

Synopt. Darst. Cyan., Beih. Bot. Centralbl., pt. 2, p. 41, 1925. 

Syn. : Lorielleae Borzi pro parte, Studi s. Mix of., in N. Giorn. Bot. Ital., p. 21, 
1914. 

A single Yellowstone genus. 


Colteronema, gen. nov. 

Stratum fibrous, made up of free, more or less horizonal, mostly laterally 
branched filaments and more or less erect, mostly dichotomously branched 
ones. Filaments cylindrical, monosiphonous, with firm, thick sheaths. Growth 
apical. Heterocysts absent. Resting cells unknown. Hormogonia produced at 
ends of branches. 

Type species: Colteronema funebre. 

The dichotomous branching of Colteronema, produced by the longi- 
tudinal division of an apical cell sets the genus apart from the majority 
of the true branching Myxophyceae. Lateral branching occurs in Colter - 
onema quite frequently in addition to the dichotomy ; the lateral type is 
found mostly in the prostrate filaments and in the older portions of the 
filaments. In the more erect filaments repeated dichotomy is regular. 
Of the genera of blue-greens that possess either dichotomy or subdichot- 
omy, Eyphomorpha Borzi, Loriella Borzi, Stauratonema Fremy, and 
Capsosira Kiitz, have heterocysts; Pulvinularia Borzi, a nematopaTen- 



80 


ANNALS NEW YORK ACADEMY OF SCIENCES 


ehymatous thallus; Letestuinema Premy, a gelatinous hemispherical 
thallus; and Desmosiphon Borzi, several aberrant features, including the 
loose structure of the filaments and a tendency to break up into a 
chroococcoid status. By these features Colteronema may be distinguished 
in each case. Its closest relative seems to be Hyphomorpha . I have placed 
the genus in the family Loriellaeeae Geitler with Hyphomorpha and 
Loriella . 

The genus Colteronema has been named in honor of John Colter, the 
first white man to enter the Yellowstone. 

A single species. 


1. Colteronema funebre, sp. nov. 

Stratum extended, membranous to leathery, fibrous, up to 1 mm. in thick- 
ness, blue-black to dull greenish brown, terrestrial. Filaments usually crooked, 
somewhat roughened, cylindrical, slightly or not at all torulose, densely packed, 
abundantly branched, up to 1 mm. or more in length and 5-Sju, in diameter. 
Sheath firm, thick, rarely hyaline, usually golden to yellow-brown, with diver- 
gent lamellae, at tips usually transversely striated. Trichomes moniliform or 
nearly so, 3-5.3 /a in diameter, strongly constricted at the cross walls. Cells 
subcylindrical with rounded ends to ovoid, 1-3 diameters in length, 4-12/a long. 
Cell contents often with prominent polar granules, blue-green. Trickome tips 
ordinarily unmodified, with less prominent constrictions between the apical 
and subapical cells only ; at points of dichotomy swollen and with a bulbous 
apical cell up to 9/a in diameter. Dichotomous branching originating by the 
longitudinal division of a swollen apical cell : lateral branching originating by 
a longitudinal division of an intercalary cell. Hormogonia few-celled, infrequent. 

The skin-like dark greenish brown to blue-black stratum of the species 
covered the damp rock and soil for several feet above and around a 
small boiling spring in the Meadow Springs Group. The steam from 
the springs is so abundant that the algae are kept uniformly moist but 
not wet. Collecting the species was a very severe problem, since it in- 
volved, with the greatest of care, an excellent steam bath at about 85° C. 
The algal stratum was much cooler — ranging from 36— 13° C., where the 
growth was more abundant. The type (no. 177) was at 38° C. It is 
notable that there may be a great range of temperature in a distance of 
a few centimeters. In this case a temperature determination made with 
the bulb of the thermometer partly exposed to the steam that might 
easily blow around it could be highly erroneous. The alga has not been 
found elsewhere, although similar sites have been searched systematically. 
The growth in this single site has been intact and abundant for at least 
four .years consecutively. 
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Pis. 8T. Colteronema fitnelre, portions of filaments with dichotomous and 
lateral branching (X840). 
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STIGONEMATACEAE Geitler 

Synopt. Darst. Cyan., Beih. Bot. Centralbl. 41, pt. 2, 1925. 

Syn.: Enstigonemeae Borzi, Studi s. Mixoph., in N. Giorn. Bot. Ital., p. 21, 
1914. 

Key to the Yellowstone Genera. 

I. Heterocysts present. 

1. Filaments free ; not agglutinated into bundles or corded strands. 

A. Filaments prostrate, dorsi- ventral, bearing branches on the upper side 

only ; branches thinner than the main filaments and with longer cells. 

Fisohebella (p. 82) 

B. Filaments not usually dorsi-ventrally modified; branches arising on 

all sides or unilateral, branches little if any thinner than the main 
filament and with cells little or not at all longer. 

a. Old trichomes at least in places polysiphonous ; heterocysts in part 

lateral. Stigonema (p. 83) 

b. Old trichomes monosiphonous, rarely for short distances with two 
rows of cells ; heterocysts intercalary. Hapalosiphon (p. 84) 

2. Filaments more or less parallel, in bundles or corded strands. 

Thalpophila (p. 87) 

II. Heterocysts absent. Aubrightia (p. 85) 


FISCHERELLA Gomont 
Journ. de Bot. 9, p. 52, 1895. 

Thallus consisting of dorsi-ventrally specialized, prostrate and creeping, 
usually contorted main filaments bearing on their dorsal sides erect, straight 
to flexuous, slender branches. Main filaments monosiphonous or more often 
polysiphonous, usually crooked, with large spherical or subspherical cells; 
branches monosiphonous, more slender than the main filaments, with smaller, 
usually elongate, cylindrical cells. Sheaths at first narrow, later broad, often 
lamellate, specially in the main filaments. Cells in the old filaments often 
chroocoecoid, and with concentrically lamellate sheaths. Heterocysts inter- 
calary or lateral. Hormogonia formed at the ends of the side branches. 
Resting cells present in some species. 

Fischerella is separated from Hapalosiphon Naeg., Stigonema Ag. and 
Westiella Borzi by at best rather unsatisfactory characters. The genus 
intergrades with Stigonema in particular. 

The species of Fischerella occur on damp soil, rocks, and tree trunks; 
in fresh water; and one species in warm springs. The thermal species, 
F. thermalis (Schwabe) Gom., is the only one that has appeared in the 
Yellowstone collections. It and its variety mucosa Lemm. are known 
from hot waters in Hawaii ; F. thermalis has been found in hot springs 
in Europe, and in non-thermal waters in both Europe and North America. 

A single Yellowstone species. 



COPELAXD, YELLOW ST OX E THERMAL MYXOPHYCEAE 


63 


1. Fischebella thebmalts (Schwabe) Gomont 
Journ. de Bot. 9, p. 52, 1895. 

Stratum woolly, cushion-like, up to 1 mm. in thickness, often extended, blue- 
green, olive-green, or blackish. Main filaments prostrate and creeping, crooked 
and twisted, thickly packed, mostly with two rows of cells, less often with one 
or three rows, 10-13/* (less often up to 18/*) in diameter ; sheaths moderately 
thick, lamellate, golden brown. Side branches erect, cylindrical, single or in 
groups, 6-9/x in diameter ; sheaths close, hyaline to pale yellowish, feebly or not 
at all lamellate. Cells 4.2-8/* in diameter, short, cir. 1 diameter in length, blue- 
green. Heterocysts intercalary and lateral. Hormogonia 3-6-celled. 

In the United States F . thermalis has been reported from New Hamp- 
shire by Farlow (1883). It apparently is not common in North Amer- 
ica. It has been found chiefly on damp to wet rocks and in warm water. 

While rare in the Yellowstone, it is locally common in the Lower 
Geyser Basin around the Firehole Lake. There it grew on the damp 
earth and at the edges of small pools at temperatures of from 22° C. to 
36.7° C. (no. 402). 

STIGONEMA Agardh 
Syst. Alg., p. 22, 1824. 

Stratum consisting of free, irregularly laterally branched, mostly irregular 
filaments. Old filaments monosiphonous or more often polysiphonous, with 
apical growth and often with a definite apical cell and segmentation of the 
ceUs cut off from it. Side branches becoming like the main filament as they 
age. Sheaths in young filaments narrow; in older ones usually broad, often 
lamellate, and often colored; old cells often with concentrically lamellate 
sheaths. Heterocysts intercalary and lateral, usually in both positions in a 
single plant. Hormogonia 2-many-celled, usually few-eelled, formed at apices 
of young branches. Chroococcoid stage present. 

The species of Stigonema are confined to damp situations and to fresh 
water. The majority are terrestrial and live on damp soil, rocks, tree 
trunks, etc. ; the fresh water species are chiefly benthonic ; one is plank- 
tonic; a single species occurs in the lichen Epheba . Thermal species 
have not been reported. 

In the Yellowstone thermal springs the genus is insignificant. 

A single Yellowstone species. 

1. Stigonema hobmoides (Ktitz.) Bomet & Fiahault 
Revision Nost. het., p. 68, 1887. 

Syn. Sommierella Jiormoi&es Borzi, N. Giom. Bot. ItaL 24, p. 116, 1917. 

Filaments prostrate, densely woven, moderately long, forming a thin fibrous 
brownish-black stratum. Main filaments 9-15^ in diameter; irregularly and 
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sparingly branched. Side branches erect, almost as thick as the main filaments, 
7—12^ in diameter, crooked. Sheaths thick, colorless, yellow, or yellow-brown. 
Trichomes mostly monosiphonous, occasionally with two rows of cells for a 
short distance. Heterocysts lateral and intercalary. Chroococcoid stage 
present. 

As an abundant, cosmopolitan species, S. hormoides is to be expected 
in any locality presenting a favorable environment. The plant is well 
known in Xorth America, but had not previously been reported from the 
Yellowstone. It inhabits, usually, moist rocks, peaty damp soil, shallow 
pools, and often occurs in the slime of gelatinous llvxophyceae. 

In the Yellowstone it is found in non-thermal sites quite frequently; 
and it encroaches on thermal habitats in many places. The highest tem- 
perature at which it was found is 32.2° C. (no. 402) ; at this point, the 
damp bank of the Firehole Lake, Lower Geyser Basin, it was abundant, 
occurring with Scytonema rnldarmm tenestre (of this paper). The 
alga is dearly a non-thermal species. 

HAPALOSIPHON Naegeli 
in Kutzing. Spec. Alg., p. 894, 1S!9. 

Stratum consisting of free, twisted, irregularly laterally, often unilaterally 
branched filaments. Filaments regularly monosiphonous, except for single 
cells that have divided lengthwise (in preparation for branching). Branches 
like the main filaments, but often slightly thinner and with longer cells. 
Growth mostly apical, often intercalary ; without a well-developed apical cell. 
Sheaths firm, mostly narrow, either homogeneous or lamellate, hyaline or 
colored. Heterocysts intercalary. Hormogonia usually formed on the side 
branches. Besting cells often present. 

The limits of U a pal o siphon are somewhat arbitrary. The regularly 
intercalary heterocvsts, uniseriate trichomes, the resting cells (when 
present) separate the species roughly from those of titigonema , Fischer - 
ella , and Sommierella Borzi. 

The habitats of the se\eral species include standing and slowly flowing 
fresh water, acid and boggy waters. A single species, II. fontinalis , 
occurs in thermal springs. 

A single Yellowstone species. 

1. Hapalosipiiqx foxtixalis (Ag.) Born. 

Bull. Soc. Bot. France 36, p. 156, 1889. 

Plants occurring in floccose tufts; blue-green to brown in color, 1-3 mm. 
high. Main filaments tangled, creeping, usually twisted and crooked, abun- 
dantly branched, 12-24 p in diameter, mostly monosiphonous, hut here and there 
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with 2 or 3 rows of cells for short distances. Branches erect, thinner, 9-12/z, 
in diameter, monosiphonous. Cells roughly isodiametric, spherical to quadrate 
in the main filaments, cylindrical in the branches, and 1-2 diameters in 
length. Sheaths more or less thick, colorless when young, becoming golden 
brown, homogeneous or somewhat lamellate in the old filaments, often slightly 
constricted opposite cross walls of old filaments. Heterocysts intercalary, 
quadrate to cylindrical. Hormogonia c-ir. 6 /a in diameter by 100-300/x in length, 
with 14-50 cells. 

This variable, cosmopolitan species is well known in North America. 
It has been reported from Alaska (Saunders) to the West Indies (Ja- 
maica by Humphrey), from Maine (Harvey) to Minnesota (Tilden), 
but has not been noted in thermal sites in this country. It has been 
reported from hot springs in Europe and Africa. In the Yellowstone 
it is not frequent. It has been observed twice in the present investiga- 
tion — once in a non-thermal pond on leaves of Xymphaea aduenn (Lily 
Pad Pond, cir. 16° C.) and once in a tepid pool in the TJpper Geyser 
Basin (26° C., pH. 6.S). The plant is unimportant and is not, at least 
in the Yellowstone, a thermal alga. 


Albrightia, gen. nov. 

Plant mass made up of free, laterally branching filaments. Filaments more 
or less uniformly cylindrical, with a single row of cells, and with apical 
growth. Branches with the same diameter and form as the main filaments. 
Sheaths ample, firm, homogeneous or lamellate. Heterocysts and resting cells 
absent. Hormogonia few-celled. Chroococcoid stage present. 

Type species: Albrightia tortuosa . 

Albrightia is a typical member of the Stigonemataeeae. The general 
aspect of the genus is quite similar to that of Hapalosiphon Naeg. and 
Stigonema Agardh. In its lack of heteroevsts it resembles Romria 
Carter. Prom Rosario* it differs quite markedly — the even, moderately 
thick sheath, the cylindrical filaments, the normal cell wall, the typical 
apical growth are characteristic of Albrightia , and ally it with the better- 
known Stigonemataceous genera. The presence of a well-marked chroo- 
coccoid stage recalls Stigonema,, while the monosiphonous filaments sug- 
gest Hapalosiphon. 

This genus has been named in honor of Horace M. Albright, until 
recently National Park Service Director, the one who in recent years has 
done possibly more than any other single man to preserve the Yellowstone 
in its natural state, and to whom all who visit the Park for study or 
pleasure owe sincere gratitude. 

A single Yellowstone species. 
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1. Albrightia tortuosa, sp. nov. 

Stratum poorly developed, occurring mostly as blue-green flecks on the sur- 
face of other Myxophyceae, or intermingled more or less intimately with them ; 
dull blue-green, gelatinous-fibrous. Filaments mostly irregularly twisted, coiled, 
or less often flexuous, up to 1 mm. in length, branching sparsely with the 
branches at wide angles, without differentiation between branches and main 
filaments; 5.0-8.5/z in diameter (rarely thicker in old filaments). Trichomes 
monosiphonous except at points of branching, moniliform, distinctly constricted 
at the cross walls ; 3.2-4^ in diameter. Sheaths firm, homogeneous or in very 
old filaments feebly lamellate, hyaline or in very old filaments yellowish, around 
2 u thick (rarely up to 3.5 p in old filaments) . Cells blue-green, cask-shaped and 



Tin 38 — Albriglitia tortuosa , typical hlaments; upper left, ehroococcoid pairs of cells 
from old filaments (X670) 


swollen except at the apices, vith granular contents and often with one to a 
few prominent granules, often distinctly separated in life, 1.0-2.2 diameters in 
length, 3.3-9.0 /a long. Apices rounded, with trichones cylindrical or almost so, 
and with the cells shorter. Chroococcoid groups of cells in old filaments, ofte i 
persisting after the disintegration of the filaments. Hormogonia infrequent, 
moNtly 2-few-celled. 

Tlie plasmodesma are unusually prominent and in healthy living fila- 
ments are often M*sible when the cells are separated a short distance. 

The plant is usually present among and on Scytonema caldariuni ter - 
restre (of this paper), and Schizothrix fhermophila (of this paper) on 
the moist warm flats and pool edges of the Firehole Lake section of the 
Lower Geyser Basin. It is regularly found emersed, and it is not found 
even in temporary eruption pools. Its thermal range, as far as it has 
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been found, is 29-43° C., its pH. range 8.0-8.9. The type (no. 401) is 
from the bank of Firehole Lake, growing at 34° C. The species has not 
been collected outside of the Lower Geyser Basin. 

THALPOPHILA Borzi 
Atti Congr. Milano, 1906. 

Plant mass composed of fascicles or corded strands made up of mostly 
parallel, numerous filaments; the filaments branching sparingly with the 
branches soon lying parallel to the parent filament; filaments containing a 
single trichome each. Filaments all essentially alike, but the older ones often 
becoming contorted and crumpled ; branches of the same diameter and nature 
as the main filaments. Sheaths thick, lamellate, gelatinous, and slimy without. 
Heteroeysts intercalary; hormogonia absent (or unknown); resting cells in 
rows, with smooth walls. 

Type species: Thalpopliila cossyrensis Borzi. 

Up to the present only a single species, T . cossyrensis , has been 
credited to the genus. This species has so far been found growing only 
on igneous rock in the vapor from a hot spring on Pantelleria (a small 
island in the Mediterranean Sea south-west of Sicily). 

A single Yellowstone species. 

1. Thalpophila imperialism sp. nov. 

Thallus, in the form of long, occasionally branched, occasionally anasto- 
mosed, soft, flexible, gelatinous, corded strands, attached by the basal ends or 
broadly along the sides; rarely many strands grow together and coalesce to 
form an almost solid stratum; brilliant blue-green except when (often) 
incrusted with epiphytes ; cords up to 1.5 cm. in diameter and up to 2 dm. in 
length. Filaments numerous (up to thousands, in a single strand) usually 
more or less regularly parallel, 4-6/4 in diameter, occasionally branched, the 
branches identical with the main filaments, single, in pairs or rows, most numer- 
ous in the basal part of the plants. Trichomes cylindrical when young, beaded 
or moniliform in older portions, 3-4/4 in diameter; cells slightly longer than 
their diameter, 1.2-2.5 diameters in length, longer near the tips of the trichomes ; 
terminal cells conical and pointed ; cell contents clear blue-gTeen, with one to 
a few refractile granules mostly near center of cells. Sheaths thin, distinct, 
and homogeneous in younger parts ; thick, faintly lamellate, and confluent in 
older parts; always colorless and usually almost transparent; soft and gelat- 
inous, slimy without. Heterocysts intercalary, not numerous, elongate, and 
swollen, 4.0-4.5/i in diameter by 6-13/4 in length, 1.5-3.0 diameters long, fre- 
quently functioning as endosporangia and producing two endospores. Rest- 
ing cells in rows in older parts of plants, often very numerous, up to 12-70 in 
a row, usually on both sides of a heterocyst, short-cylindrical, swollen, 4-5/4 in 
diameter by 5-7/4 in length, the walls slightly thickened, smooth, contents 
granular, dark blue-green. 
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In one collection the majority of the heterocvsts contained endospores. 
The occurrence of spores in the heterocysts has not been commonly 
observed in the llyxophyceae and it is noteworthy that those species in 
which they have been observed are chiefly in the Family Nostocaceae 
( Kostoc , Anabaena). 

T. imperialis differs from T. cossyrensis Borzi in many details: it is 
aquatic; the plant mass is much larger; the triehomes, filaments, and 
sheaths are thinner ; the resting cells are smaller and the heterocysts dif- 
ferent in shape. These two species, quite similar in microscopic aspect 
as well as in general morphology, present an interesting problem in 
phyto-geography. Their restriction to the Yellowstone and to Pantel- 
leria, and to thermal habitats is difficult to interpret. 



Fig. 39 . — TJialpophiJa imperials, filaments with characteristic branching ; rcrw 
of resting ceUs in one filament and spores in heterocysts in a second (X700). 


The present data indicate that T. imperialis is very local in distribu- 
tion, confined to the rill from Spray Geyser and to Imperial Creek (over- 
flow from Imperial Geyser Crater) below the junction with Spray Geyser 
rill. The alga is restricted to the rapid current in quite warm water at 
48-60.4° C., with a pH. of 8.8 (type: no. Y18). The eruption of Spray 
Geyser is regular and almost continuous; Imperial Geyser is no longer 
eruptive but it discharges a large volume of water; the habitats of the 
plant are rather uniform as a result. The corded masses of ThalpophUa 
almost filled the channels of the streams on one visit to the region, and 
one could have collected several liters in a few minutes. 

MASTIGOCLADACEAE Geitler 
Synopt. Darst. Cyan., Beih. Bot. Centralbl., pt. 2, p. 41, 1925. 


A single Yellowstone genus. 
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JVIASTIGOCLADTJS Cohn 

Alg. Karlsb. Spmdels, Abh. Schles. Ges. vaterl. Cultur 2, p. 39, 1803. 

Filaments monosiphonous, typically dorsiventrally specialized, with long, 
slender (false) branches ; ‘*V”-branching present bnt mostly indistinctly shown 
and often obscured so that it resembles true branching or single normal false 
branching; branches abruptly arising from the main filaments, single or in 
pairs. Sheaths thin and firm or gelatinized and slimy. Heterocysts intercalary. 
Hormogonia unknown. 

Type species: Mastigocladus laminosus Cohn. 

In spite of the several attempts by various authors (Dickie, Schmidle, 
Tilden) to increase the number of species, Mastigocladus remains a 
monot} T pic genus. The plant is unique and, while not always easily 
recognized, is unmistakable after one becomes acquainted with it. 

The single species is typically thermal and is cosmopolitan. It is the 
best-known single thermal plant and has been found in most important 
thermal spring groups. Its known range includes all the continents 
except the Antarctic. 

Key to the Yellowstone Species and Yabieties. 

I. Filaments branched. M. laminosus 1. 

II. Filaments unbranched. 

1. Heterocysts present. M . laminosus var. anaMenoides 1A 

2. Heterocysts absent. M. laminosus var. phormidioides IB 

1. Mastigocladus laminosus Cohn 

Alg. Karlsb. Sprudels, Abh. Schles. Ges. vaterl. Cultur 2, p. 39, 1863. 

Syn. : Hapalosiphon laminosus (Ktitz.) Hansg., Bot. Centralbl., p. 48, 18S5. 

Hapalosiphon lamUwsus Hansg., Bot. Centralbl., p. 48, 1885. 

Cyanothrix vaginata Schmidle, Allg. Bot. Ztg.. p. 37, 1897. 

Hapalosiphon major Tilden, Amer. Algae, no. 167, 1896. 

Stratum membranous to leathery, often lamellate, often with granules of lime 
especially in the underlying portions, firm and gelatinous to cartilaginous or 
spongy, dull blue-green to olive-green. Filaments thickly interwoven, 4r-10/t 
(usually 4-6/u) in diameter, contorted or often more or less flexuous, con- 
stricted or less often not constricted at the cross walls, cylindrical or in older 
filaments moniliform. Sheaths thin, distinct at first, later indistinct, slimy. 
Cells of the main filaments spherical, ovoid, barrel-shaped, or short cylindrical ; 
cells of the branches ovoid to cylindrical, often very long cylindrical. Hetero- 
cysts intercalary, spherical to elliptical or short cylindrical, up to 7/i in diameter 
by up to 9 y. in length, single or rarely in pairs. 

If. laminosus is a cosmopolitan thermal alga. Geitler (1931) states 
that it has been found only three times in non-thermal waters: in a 
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brook in the Celebes ; in the Rhein, Germany; and in Normandy, France. 
It has been found in numerous European, Asiatic, and African hot 
springs; in a few South American springs; in at least one Australian 
spring; in springs on several islands, including Iceland, New Zealand, 



Fig. 40 . — Mastigocladus laminosus Cohn, filament -with “V” branching 

(X700). 


and Tasmania. In North America it has been found in California at 
the Arrowhead Hot Springs near San Bernardino by Setchell (1899) 
at 49-50° C.; in Oregon in a hot spring in the Cascade Mountains by 
Lloyd (1895) at 55° C. (reported as Eapalosiphon major Tilden) ; and 
in Wyoming in the Yellowstone by Tilden (1896) at 54° C., and from 
51° C. to 61° C. (?) (reported as Eapalosiphon major Tilden). The 
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Yellowstone spring in which Tilden found the alga is on a mountain 
near the Lower Geyser Basin. 

I regard Uapalosiplion major Tilden as quite tvpical and not over- 
sized If. laminosus. The cell size is especially variable in old strata of 
If. laminosus and often the cell size comes close to the measurements 
cited by Tilden. The absence of crystals of lime (noted by her) in the 
Yellowstone material seems to me to be of no taxonomic significance and 
I should hesitate to place as a new species rather typical material of a 
well-known and known to be variable form on such grounds. 

In the present investigation the plant has been found to be abundant 
and widespread in the Yellowstone. It has been noted in the Upper 
Geyser Basin: Bijah Geyser (no. 439) , Mastiff Geyser (no. 440), Fire- 
hole Biver (nos. 441, 442), Chromatic Spring, and elsewhere; Lower 
Geyser Basin : J elly Spring, and in five unnamed springs ; Twin Buttes 
Region: Spray Geyser; West Thumb; several unnamed springs; Mam- 
moth Hot Springs : rare in several springs ; and in many springs out- 
side of the major groups. It inhabited water at temperatures from 
28.6° C. to 55.8° C., at acidities from pH. 6.8 to 9.0. 

Lowenthal (1903) studied the plant in pure culture and stated that 
its upper temperature limit (experimentally) was o2° C. This point is 
exceeded in nature in several places in the Yellowstone. 

1A. Mastigocladus laminostjs Colin 
var. anabaenoides (Boye Petersen), comb nov. 

Syn. : Aulosira thermalis G. S. West, Journ. of Bot. 40, p. 244, 19C2. 

Hapalo8ipito)i laminosum Hansg. f. analaenoides Boye Petersen, Freshw. 

Alg. Iceland, Bot. of Iceland 2, p. 309, 1923. 

Stratum brilliant blue-green, flocculent to soft spongy and friable, indefinite. 
Filaments unbrancbed, similar throughout; with barrel shaped to almost 
spherical cells and heterocysts. Trichomes thicker in the middle than at the 
ends. Filaments flexuous to spirally rolled, or almost straight. Sheaths thin, 
firm to slimy. 

Boye Petersen described the plant as the forma ambaenoides rather 
than as a variety. His material was secured from hot springs in Iceland. 
In the Yellowstone If. laminosus and its var. anabaenoides have been 
found mostly in separate springs, and so no evidence was secured to indi- 
cate that the two are growth stages of a single plant. On the other 
hand, they have been found, in a few sites, growing intermixed, elim- 
inating their being ecological forms of the same species. Consequently, 
in opposition to Bove-Petersen’s treatment, I am considering anabae- 
noides as a variety. 
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The occurrence of this plant is quite different from that of M. lami- 
nosics. It is in general less common, and reaches its greatest develop- 
ment in quite acid waters (while M. laminosus is found in basic or neu- 
tral waters). It has been noted in the Upper Geyser Basin: Bijou and 
Catfish Geysers (nos. 444, 445) at 34.9° C. and 35° C., pH. 8.55, rare; 
Twin Buttes Begion: Spray Geyser (no. 428) at 33.1° C., pH. 8.85, 
occasional; Meadow Springs (nos. 186, 193) at 62.2° C. and 58° C., pH. 
5.4, frequent to dominant; Mud Volcano Group: mud spring (no. 63) 
at 42.5° C., pH. 5.0, dominant. In the Mud Volcano Group of Springs 
this plant is the most abundant alga and, with Pluto cdldarius (Tilden) 
and Zygnema sp., is one of the three important algae. It occurs most 
commonly on damp mud and in very shallow pools and rills. Above the 
larger of the several springs immediately south of the Mud Volcano 
there was for four years a growth of almost pure 21. laminosus arnbae - 
noides covering about one hundred square feet. 

IB. Mastigocladus laminosus Cohn 
var. phormidioides (Boye Petersen), comb. nov. 

Syn. : Eapaloniphon laminosuni Hansg. f. phormidioides Boye Petersen, Fresliw. 

Alg. Iceland. Bot. of Iceland 2, p. 309, 1923. 

Filaments unbranched, straight or spirally rolled, without heterocysts, 
not at aU or very slightly tapering. Sheaths soft and slimy and partially or 
completely confluent ; often invisible. 

This variety was described as a form rather than as a variety by Boye 
Petersen. For reasons similar to those given under var. andbaenoides 
I regard this plant as a valid variety. The plant was described from 
hot springs in Iceland. 

Found but twice in the Yellowstone, little can be concluded about its 
range. It has been noted in the Upper Geyser Basin: Catfish Geyser 
(no. 445) at 34.9° C., pH. 8.55, along with M. laminosm and the var. 
andbaenoides; Meadow Springs (no. 193) at 62.2° C. and pH. 5.4, with 
21. laminosm andbaenoides. 

SOYTONEMATACEAE Rabenhorst 
FI. Eur. Alg. II, p. 246, 1805. 

Key to the Yellowstone Genera 
I. Heterocysts present. 

1. False branches mostly in pairs. 

2. False branches mostly single. 

II. Heterocysts absent. 


SOYTONEMA (p. 93) 
Tolypothrtx (p. 97) 
Plectonema (p. 100) 
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SCYTONEMA Agardli 
Syst. Algar., p. 28, 1S24. 

Filaments scattered or more frequently united into a stratum, free but often 
in bundles ; straight, flexuous, or contorted, with main filaments more or less 
prostrate and branches more or less erect, or less often without definite orienta- 
tion. False branching mostly with branches in pairs, but in erect branches 
often single; paired branches divergent, parallel or crossing over; branching 
often at considerable distances from heterocysts and with no relationship to 
them, sometimes in erect filaments at heterocysts. Sheaths firm, lamellate with 
parallel or moderately divergent lamellae ; colorless or yellowish. Trichomes 
with apical meristems of shorter and usually swollen cells; and intercalary 
meristems at points of branching with poorly differentiated structure. Hetero- 
cysts intercalary (or in tips isolated by single branching, basal). Hormogonia 
produced at ends of filaments. Resting colls absent. 

tScylonema includes many species, the majority in fresh water or on 
damp soil, rocks, etc., a few marine, and several in thermal situations. 
8. caldarium Setchell is known from hot springs in California and 
India at temperatures of 27° C. and thereabouts; 5. azureum Tilden is 
reported from Hawaii at 31° C.; S. mirctbile var. Leprieurii (Mont.) 
Born. & Flah. from warm sulphur springs at Banlf, Canada, and else- 
where; 8. mirdbile (Dillw.) Born, from the edge of a geyser in Iceland; 
S. liyalinnm Gardner from a spring in Fukien Province, China; and 
8. mrium Kiitz. from many springs in Europe, Africa, and Asia. Sev- 
eral of these species occur also in non-thermal sites. 

In the Yellowstone three species and a variety occur. Although locally 
important (Biscuit Basin, Chocolate Pots, and Firehole Lake section of 
Lower Geyser Basin) the genus is generally insignificant. The species 
occur in the cooler waters, substituting for the ecologically similar 
species of Calothrix. They are best represented in waters at from 20 °C. 
to 40° 0. 

Key to the Yellowstone Species 

I. Trichomes 8-9 /* in diameter. &. caldarium 1. 

XI. Trichomes up to 5.5/ * in diameter. 

1. Trichomes 3-5.5/* in diameter ; strata spongy, not zoned. 

A. Sheaths uniformly pigmented, with lightly divergent lamellae. 

8. caldarium var. tcrrcstre 1A. 

B. Sheaths with a lighter colored or colorless outer layer, with parallel 

lamellae. 8. planum 2. 

2. Trichomes 1.8-2.8/c in diameter; stratum stony and zoned. 

8. induratum 3. 
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1. SCYTONEMA CALDABITJM Setchell 
Erythea 7, p. 48, 1899. 

Stratum flocculent, extended; or poorly developed. Filaments in the basal 
part more or less prostrate and tangled, up to 16/* in diameter. False branches 
in pairs or in erect filaments often single, mostly erect, often in Symploca - like 
fascicles, or mostly free, 12-16/* in diameter. Cells 8-9/* (4-8/z?) in diameter, 
2-3 diameters in length except in meristems, in meristems 0.3-0.6 diameters ; 
cell contents olive-green to blue-green. Heterocysts discoidal to short cylindri- 
cal, 0.6-2.0 diameters in length. Sheaths firm, with parallel lamellae, colorless 
in younger filaments, golden brown in older filaments or parts. 

Geitler (1932), upon examining SetehelPs material, found the cells 
to be 8-9/* in diameter rather than 4-8/* as given by Setchell. I agree 
with Geitler in this respect, and also find the stratal characters to be less 
constant than indicated by Setchell. 



Fig. 41 . — Scytonema caldarium var. terrestre , filament with young paired 
branches (X375). 

Described from "Waterman Hot Springs, near San Bernardino, Cali- 
fornia, the plant grew on rocks kept wet by water at 27° C. It has since 
been noted in India. Its presence in the Yellowstone has not previously 
been noted. 

It has been found in the Yellowstone a single time, in one of the 
Chocolate Pots (Iron Springs) of the Gibbon Canyon, growing at 
29.4° C., and pH. 6.4 (no. 280), growing with 8. planum (of this paper). 

1A. Scytonema caudaeium Setchell 
var. terrestre, var. nov. 

Stratum extended, spongy and tough, up to 8 mm. in thickness (usually about 
5 mm.), dark blue-green to olive-blue-green, growing on warm damp soil and 
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rock. Filaments below more or less horizontal and somewhat contorted, above 
more or less erect and flexuous to straight, agglutinated above into erect 
tufts up to 2 mm. in height. Filaments long, 8 - 12 /* in diameter, branching 
abundantly; branches mostly in pairs, in the erect filaments often single. 
Sheaths firm, thick, smooth, hyaline to pale yellowish or golden brown, with 
often indistinct, lightly divergent lamellae. Trichomes 3-5/* in diameter (mostly 
4-5/*), usually slightly swollen at tips, not constricted at the cross walls (except 
in the meristems). Cells up to 4 diameters in length and mostly 2.5-3.S 
diameters (shorter in the meristems). Cell contents mostly granular. Hetero- 
cysts 4.4-6.0/t in diameter by fi-15/* in length (mostly 10-13/0 . 



Fio. 42 . — Bcytonema planum , filament with young paired branches (X400). 


The smaller diameter of the filaments and trichomes, the longer cells, 
the divergent lamellae, and the terrestrial habitat of this variety sep- 
arate it from S. caldarium Setchell. The distinction is quite sharp, 
since, according to Geitler (1932), Setcheirs material had trichomes 
8-9/i in diameter (rather than 4-8/*, as stated by Setchell). 

8 . caldarkm terrestre is locally quite abundant on the edges of the 
Firehole Lake, Lower Geyser Basin. It has not been found elsewhere. 
It inhabits wet, warm soil and rock ; its known latitude in temperature 
is from 26.5° C. to 37.8° C. The type (no. 402) was growing at 32.2° C. 
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2. Scytonema planum, sp. nov. 

Stratum extended, tough spongy, up to 3 mm. in thickness, dull rusty brown 
to blackish in color, often somewhat indurated with iron salts ; surface even 
and plane, or rarely somewhat papillate. Filaments 14-20/a in diameter 
(mostly cir. 16/a), tips of filaments 9-10/a in diameter (sheaths thinner), loosely 
interwoven and flexuous to somewhat contorted, without regularity of arrange- 
ment; false branches mostly in pairs, occasionally single in erect filaments, 
of the same size as the main filaments except when very young. Sheaths golden 
brown, with a thick, pale yellow or colorless coating, pigmented inner portion 
feebly lamellate, outer portion homogeneous, lamellae parallel, apices of fila- 
ments with colorless sheaths, surface of sheaths even and regular. Trichomes 
o. 0 - 0 . 5 /c in diameter, at apices cir. 4/a in diameter. Cells cylindrical, 3-5 diam- 
eters in length, shorter in apical regions and 0.7-1. 5 diameters, not constricted 
at cross walls except at tips ; cell contents blue-green. Heterocysts occasional, 
solitary, without relationship to branches, cylindrical, 5.5-6.0/a in diameter by 
12-18/a in length. Hormogonia unknown 

Resembling £ y . caldarium Setchell, S. caldcirium terrestre (of this 
paper), and S. longiarticulatum Setchell in several respects, this species 
is, nevertheless, easily distinguished. From the first species and its 
variety it may be separated by its longer cells, longer heterocysts, thicker 
sheaths, and conspicuous pale outer layer of the sheaths of mature fila- 
ments From the latter species it is to be distinguished by its more 
slender trichomes, thicker sheaths, and well-developed stratum. It re- 
sembles 8. caldarium and its var. terrestre in the well-developed strata, 
general conformation, and habit ; it accords with 8 . longiarticulatum m 
having elongate cells and a lighter outer layer around the sheaths. 

It is abundant at the Chocolate Pots (Iron Springs) in the Gibbon 
Canyon, growing on the wet sides of the cones and in shallow water or 
on wet rock at their bases. It has not been noted elsewhere. At this 
site it grew at temperatures from 23° C. to 42° C., at pH. 6.05-6.6, The 
type (no. 280) was at 29.4° C. and pH. 6.4. It was growing with 
5. caldarium Setchell and Chroococcus minutus (Kiitz.) Naeg. 

3. Scytonema induratum, sp. nov. 

Stratum extended, up to 1 cm. in thickness or more, rich brown in color, 
hard and stony, heavily indurated with silica and paler in lower portions, 
horizontally zoned with layers 0.5-3.0 mm. thick, vertically fibrous, very smooth 
above. Filaments with false branching, the branches in pairs and similar to 
the main filament, mostly erect and more or less parallel except in basal parts, 
there tangled and somewhat prostrate, uniformly cylindrical. Sheaths yellow- 
ish-brown except at tips of rapidly growing filaments, lamellate with feebly 
divergent lamellae, thick, firm, often fragile, covered with a crystalline, color- 
less to whitish layer of silica 2-8/a thick ; filaments with jacket of silica 13-22/a 
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(mostly cir. 17 /a) in diameter, without jacket 7-9 /a in thickness; due to irregu- 
lar coating filaments often uneven. Trichomes 1.8-2.8/a in diameter, cylindrical, 
swollen at apices and up to 3.5/a. Cells 8-12 diameters in length, cylindrical, 
not constricted at cross walls ; cell contents mostly homogeneous, with infre- 
quent granules. Heterocysts intercalary, infrequent, cylindrical, and usually 
swollen, cir. 3 /a in diameter by 5/a in length. Branching infrequent. Hormo- 
gonia unknown. 

This species is quite distinct. The heavy incrustation causes it to be 
very difficult to work with, and the strata are easily passed by since they 
give little evidence of being alive. One can walk over the plant with 
heavy shoes and leave no footprints or impressions on the surface. Col- 
lecting the plant requires sturdy implements; a chisel and hamm er are 
needed. 



Fig. 43. — Scytonema induratum , portion of filament, incrnsted with 
silica (XS40). 


In the Biscuit Basin this is the most important species in general. 
It covers much of the wet sinter and one bed of it covered almost half 
an acre. It was found at 21-46.6° C., and pH. 8.8-9.05. The type 
(no. 371) came from a site that had a fluctuating temperature, varying 
from 27° C. to 37° C., and a pH. of 9.0. This was in the overflow of 
Sapphire Geyser. The plant occurs also in Jewel Geyser overflow and 
in the wet pools throughout the basin. 

TOLYPOTHRIX Ktitzing 
Phyc. gen., p. 227, 1843. 


Filaments mostly united into tufts or more or less definite strata, either 
attached or free-floating ; with false branches mostly single, infrequently also 
in pairs. Filaments erect or prostrate, usually free. Branches arising below 
a heterocyst, of the same size and nature as the main filament. Trichomes 
usually with apical meristems, which have shorter and swollen cells. Hetero- 
cysts intercalary (or basal by breakage). Hormogonia at ends of filaments. 
Resting cells mostly absent 

The many species occur chiefly in fresh water and on damp soil, rocks, 
tree trunks, etc. A single species is thermal. This one, T. curia Gard- 
ner, is known from a hot spring in Fukien Province, China. 

The genus is of little importance in the Yellowstone. 
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Key to the Yellowstone Species and Vabteties. 

I. Free living, with normal branching ; filaments in strata or tufts. 

1. Tufts (or plant mass) up to 3 cm. in length. T . diatorta 1. 

2. Tufts o cm. or greater in length. T . di&torta var. peniciUata 1A. 

II. Endophytic, with suppressed branching ; filaments single. 

T. diatorta var. cndophytica IB. 

1. Tolypothbix distobta Ktitzing 
Phyc. gen., p. 228, 1843. 

Stratum tufted and turf-like, cushion-like or caespitose-flocculent, blue-green 
ro brown, often incrusted with lime. Filaments flexuous, abundantly branched, 
up to 3 cm. in length, 10-lo/t in diameter, with obliquely divergent branches. 
Sheaths firm, thin, at first colorless, later yellowish to brown, often inflated at 
branch bases. Cells 9-3.2/* in diameter, quadrate or shorter than their diam- 
eters. lightly constricted at the cross walls ; cell contents blue-green. Hetero- 
cysts single or in rows of 2 or 3, spheroidal to quadrate or short-cylindrical. 
End cells usually somewhat flattened. 

This widely distributed species occurs in standing or flowing fresh 
water. It is known from numerous localities in North America, but has 
not been previously reported from the Yellov stone. 

Generally abundant in quiet non-thermal waters in the Park, it has 
been found in some 1 S sites. It has been encountered a single time in 
slightly warm water in the Firehole Eiver opposite the Biscuit Basin 
(nos. 431, 432, 433), at 22.5° C. and pH. 8.2. The species is clearly 
non-thermal. 


1A. Tolypothbix distobta Ktitzing 
var. penictllata (Ag.) Lemm. 

Krypt.-Fl. Mark Brand. 3, p. 218, 3910. 

Plant mass penicillate-caespitose, or cushion-like with five tufts, blue-green 
to brown, several centimeters long. Filaments abundantly branched, very long, 
8-17/4 in diameter, with more or less ascending and parallel branches. Sheaths 
thin or thickish, colorless at first, later brown. Cells cir. 3.0/* in diameter and 
4-13/4 in length, shorter or slightly longer than their diameters, often slightly 
swollen, lightly constricted at the cross walls, blue-green to olive-green. Hetero- 
cysts single or in rows of 2-4, often infrequent. End cells almost spherical. 

Widespread in flowing streams and in the littoral zone of lakes, this 
variety is not very well known in Worth America. It has been reported 
by Farlow from New Hampshire and by Austin from New Jersey (?). 

In the Yellowstone it is less abundant than T. distorts but common. 
It occurs in (as far as noted) most of the larger streams. It was found, 
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along with T. dibtorta , in the Firehole River opposite the Biscuit Basin 
(no. 433) in slightly wanned water at 22.5° C. and pH. 8.2. Else- 
where it was in completely noil-thermal waters. 

IB. Tolypoteebix distoeta Ktitzing 
var. endophytica, var. nov. 

Filaments endophytic in Nostoc , short, straight, rigid, unbranched, 11-15^ 
in diameter by GO-200 p in length. Sheaths thin, homogeneous colorless or 
rarely yellowish. Cells 9-12 n in diameter, quadrate or shorter than long, 
slightly swollen; lightly constricted at cross walls, cell contents blue-green. 
Heterocysts single, basal, hemispherical to spherical, rarely intercalary. End 
cells almost spherical. 



Fig. 44 . — Tolypothrix 
dlstorta var. endo- 
phytica (XG50). 


The var. endophytica superficially gives little evidence of being a 
Tolypothrix. It lacks the characteristic features of T. ili.storla as veil, 
as far as its gross appearance is concerned. The filaments fragment as 
intercalary heterocysts differentiate, and so there is no opportunity £ot 
branching. However, the filaments regularly lie imbedded in the No,stoc 
in such a position that they show, in carefully made preparations, a 
relationship that must be interpreted as due to a modified false branch- 
ing. The dimensions, cellular structure, and aspect are clearly those of 
Tolypothrix, and in particular are those of T. distort a or its var. pen- 
iciltata. 
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The plant has been found in a single site only, in the Firehole Kiver 
at the Biscuit Basin, growing in Nostoc verrucosum (L.) Vauch., at 
£2.5° C., and pH. 8.2 (type: no. 432). 

PLECTONEMA Thuret 
Essai class. Nost., p. 375, 1875. 

Filaments either solitary or forming a definite stratum, prostrate or erect, 
and with false branching; branches single or in pairs, the pairs emerging from 
the sheath on the same side of the filament, or the two on opposite sides, 
parallel, divergent, or crossing over near their origin. Hormogonia usually 
present; heterocysts absent; resting cells absent. Trichomes cylindrical, occa- 
sionally swollen at tips. 

The taxonomic position of Plectonema is puzzling. Its lack of hetero- 
cysts and general microscopic appearance tend to ally it with the Oscil- 
latoriaceae, close to Lynglya. On the other hand, its branching is of 
the type found generally in the Scytonemataceae, especially in Scyto - 
nema, several species of which have the branches either single or in 
pairs. 

Of the some thirty species of Plectonema only one, P. yellowstonense 
Pr&t, has up to the present been found in thermal waters. Of the others 
a few (five) are typically marine, many fresh water, and a few ter- 
restrial. The genus is wide-spread and includes several cosmopolitan 
species. 


Key to the Yellowstone Species 

I. Cells 1-2 diameters in length ; sheath soft, uneven, swollen in places. 

P. yellowstonense 1. 

II. Cells 2-6 diameters in length ; sheath firm, cylindrical, even. 

P. Dangcar&ii 2. 


1. Plectonema yellowstonense Prfit 
Studie o Biolithogenesi, V Pr., N&k. Ceskd Ak. v. a Urn., p. 90, 1929. 

Filaments growing in the slime incrustation of Chara, straight to spirally 
or irregularly twisted or contorted; stratum indefinite, filaments sparsely 
scattered through the incrustation of lime ; false branches single or in pairs. 
Sheaths colorless, invisible without staining, with surface in part smooth, in 
part irregularly swollen, at the apices closed and pointed or open and funnel- 
shaped. Trichomes crooked, mostly dr. Ip in diameter (less often up to 
2-3p) ; without constrictions at the cross walls but with the cells in places 
swollen and barrel-shaped. Cells 1-2 diameters in length. 
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According to Pr&t, who studied the organism in pure culture, it forms 
slimy to mucilaginous tufts, varying in color from reddish olive-green 
to yellowish olive-green, dull brownish or golden brown. 

The species was described by Pr&t from warm water near Jupiter Ter- 
race, Mammoth Hot Springs, Yellowstone. Chcura is quite abundant in 
the cooler waters of the main rill from Jupiter Terrace and associated 
springs, and in the warm marsh below the terraces. The Ohara appears 
to be confined to waters with a temperature below 40° C. in the Mam- 
moth region, and it is reasonable to assume that P. yellowstonense grew 
between 20° 0. and 40° C. 

In the present investigation the plant has been found twice in the 
marsh below Jupiter Terrace, on Ohara at temperatures of 23° C. and 
29.9° C., and once on VaMcheria at 29.8° O., in each case at cir. pH. 8.0. 
As an epiphyte on green algae it appears to be limited to tepid water. 

2. PincTONEMA Dangeardii Fr&ny 
Myx. d’Afr. dquat., Arch, de Bot. 3, p. 175, 1930. 

Filaments single or in groups of a few, almost straight, 2.5 fi in diameter, 
richly false-branching. Branches mostly in pairs, less often single, erect or 
divergent. Sheaths hyaline, firm, smooth, even. Trichome pale blue-green, not 
constricted at the cross walls, 1.5 p in diameter. Cells 2-6 diameters in 
length, 3-9jti long, not granulated at the cross walls. End cells rounded, with- 
out calyptra. 

Fr6my described the species from standing and slowly flowing water 
in French equatorial Africa. Its presence elsewhere has not been noted. 

In the Yellowstone, the alga is a rare component of the Scytonema- 
SUgonemarSchizothrix beds in the Firehole Lake section of the Lower 
Geyser Basin. Interestingly, it is found mostly as a terrestrial rather 
than a strictly aquatic form, although it occurs in quite wet places. Its 
temperature range, as observed, was from 17-39° 0. It was most abun- 
dant at 34° C. on the banks of the Firehole Lake. 

HAMMATOIDEACEAE Elenkin 

Journ. d. Buss. Bot. Ges. 1, 1916 

Syn. : Tildeniaceae Kossinskaja, Not. syst. Crypt. Horti Bot. Princ. TJ. S. S. B. 

4, p. 85, pL 2, f. 1-14, 1926. 

Trichomes monosiphonous, simple, unbranched. Filaments with false branch- 
ing, singly or in pairs, differentiated into more or less prostrate basal filaments 
without base apical differentiation, and more or less erect branches. Branches 
at least in part tapering and often bearing colorless hairs. Ends of the pros- 
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trate filaments may be bent up and assume tlie characters of tbe branches. 
Growth intercalary, apical or trichothallic, often all types present in a single 
species. Sheaths firm or soft, often lamellate and often with distinctly flaring 
lamellae. Heterocysts present or absent. Resting cells present or absent. 
Hormogonia present. 

Tlie family Harumatoideaceae encroaches rather closely on both the 
Scytonemataeeae and the Rivulariaceae. It is essentially a group of spe- 
cies that fit equally well, or rather that do not fit at all, in either family. 
The genera I am including in this family are Tildenia* Kossinskaja 
<1926), Scytonematopsis Kisselewa (1930), and Hammatoidea W. & 
G. S. West (1897). West (1897, etc.) placed Hammatoidea in the 
family Camptotrichaeeae, along with Camptothrix W. & G. S. West. 
Elenkin (1916) formed for Hammatoidea a separate family, the Ham- 
matoidaceae. Kossinskaja (1926) made Tildenia the type and only 
genus of the family Tildeniaceae. Kisselewa (1930) allied Scytonemur 
topsis with Tildenia . Geitler (1931, 1932) recognized the three genera, 
but was doubtful of the distinction between Tildenia and Scytonema- 
topsis . He placed these genera in the Seytonemataceae, and Hamma- 
toidea in the Rivulariaceae. I am following Geitler (1925, 1931) in 
separating Hammatoidea from Camptothrix ; and I consider Tildenia * 
and Scytonematopsis to be synonymous. The relationships of the indi- 
dividual genera will be considered below. 

Key to the Yellowstone Genera 

I. Heterocysts present. Scytonematopsis (p. 102) 

II. Heterocysts absent. Hammatoidea (p. 105) 

SCYTONEMATOPSIS Kisselewa 
Joum. Russ. Bot. Ges. 15, p. 174, 1030. 

Syn. : Tildenia Kossinskaja, Not. syst. Inst. Crypt. Horti. Bot. Princ. U. S. S. 

R. 4, p. 85, 1926. Not Tildenia Miq. 1842. 

Filaments free or aggregated into bundles, tapering at one or both ends, of 
two sorts : prostrate with false branches mostly in pairs and with intercalary 
or apical meristems ; and more or less erect with tips attenuated into distinct 
hairs or tapering, with usually trichothallic growth, or some regularly cylin- 
drical with apical meristems, and with false branches mostly single. False 
branches when in pairs parallel or divergent, originating at heterocysts or not ; 
when single originating at heterocysts. Sheaths firm, homogeneous or lamel- 
late with parallel or divergent lamellae, hyaline or yellowish to brown. Hetero- 
cysts intercalary and basal. Hormogonia either at the ends or bases of the 
trichomes. Resting cells present or absent. 

* Tilth n fit is preoccupied by the use of that name by Miquel in 1842 for a group of 
vascular plants and so cannot be revived as a genus of Myxophyceae. 
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Type species: Scytonematopsis fuliginosa (Tilden) comb. nov. 

In the general habit of growth Scytonematopsis resembles Scytonema 
quite closely. The apical meristems with swollen short cells are quite 
characteristic of several genera of the Scytonemataceae and it seems un- 
justifiable to transfer the species of Scytonematopsis to the Eivulariaeeae 
because of the tapering and hairbearing trichomes. S. fuliginosa , from 
the descriptions, does not have the apical meristems, there is no mention 
of the location of the meristematie regions. 

The only species credited to the genus, up to the present, are S . fuli- 
ginosa, found by Tilden in a shallow tide pool in Hawaii (it was de- 
scribed as Scytonema f. Tild.), and S. Woronichinii Kiss., described from 
Samarkand (Turkestan). The genus has not previously been reported 
from North America. 

A single Yellowstone species. 

1. Scytonematopsis hydnoides, sp. nov. 

Stratum extensive, up to 2 cm. in thickness, soft-cartilaginous, vertically 
fibrous, often feebly incrusted with siUca, bearing on the upper .surface erect, 
hynoid, weakly anastomosing fascicles up to S mm. in height, brilliant blue- 
green throughout or somewhat paler below and slightly yellowed; or forming 
a blue-green to olive-green, gelatinous, entangled, and corded attached mass. 
Main filaments i>rostrate and more or less tangled and contorted, sometimes 
semi-erect, with false branches emerging in pairs and usually more or less erect 
and parallel or gradually divergent ; the erect branches feebly entangled and 
mostly parallel, with false branches emerging singly below heterocysts, the 
secondary branches erect or soon becoming so. Tips from the erect branches 
frequently break off and become independent plants. Distinction between 
main filaments and branches not constant. Filaments and branches cylindrical 
for the most part, often slightly swoUen toward the basal ends, and at the 
distal ends either swollen slightly and meristematie or tapering into a rather 
long, distinct, colorless hair, which extends well beyond the sheath. Filaments 
very long, up to 2 cm. or more ; main filaments 13-22/* in diameter, branches 
10-15/t in diameter. Sheaths firm and soft but never slimy, moderately thick, 
distinctly lamellate with parallel or feebly divergent lamellae, hyaline in 
young filaments, becoming golden yellow in older ones, at the apices open, 
funnelshaped, with flaring “hair-like” lamellae. Trichomes 5-10/* in diameter 
in basal filaments, 5-7/* in diameter in erect branches, tapering down to 2.5-3.S/* 
in hairs, more or less constricted at the cross walls, especially in the meriste- 
matic regions, less constricted to cylindrical in non-meristematic portions 
of branches. Cells blue-green to olive-green, usually with a few to many small 
but distinct granules, and with 0-4 (usually 1) distinct and large retractile 
granules, 2-4 diameters in length in non-meristematic regions, down to 0.5 
diameter in meristems, and 2-4 diameters in hairs. Heterocysts intercalary 
and basal (originating as intercalary before branching at that point), inter- 
calary heterocysts not at branches single and cylindrical, often swollen, 5-15/* 



Fig 45 — Scytonemapto8i8 hydnoides , left, detached branch with aspect of Calo- 
tivnat (X400) ; center, erect filament with single false branching (X350) ; right, 
prostrate filament with paired false branching ( X850) ; below, old filament with 
numerous resting cells (X350). 
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in diameter by 20-90/a in length; branch (and basal) heterocysts single or in 
rows of 2 or 3, spherical, hemispherical, or almost quadrate, 7-11/a in diameter 
by 8-13/a in length, or rarely smaller. Besting cells usually in contorted rows 
of up to 150, in the older filaments, 6-9/a in diameter by 5-10/a in length, mem- 
branes smooth. Hormogonia poorly developed, basal; reproduction by frag- 
mentation as well as by hormogonia and resting cells. 

S. hydnoides is a sharply distinct species. Its relationship to S. fall - 
ginosa is not close, and it is very distinct from 8. Woronichmii Kiss. 

The plant has been collected in the greatest abundance in a small 
pool between Oblong and Giant Geysers, Upper Basin, where it grew 
(type: no. 445) at 34.9° C. and pH. 8.55, and on the spray-washed 
sinter edge of the same pool (no. 444), at a similar alkalinity and tem- 
perature. It has also been observed in several other sites : Upper Basin : 
Beach Spring, Chromatic Pool, Beauty Pool, Sunset Lake; Twin Buttes 
Begion: Spray Geyser overflow (no. 422, 55° C., pH. 8.75). The plant 
has been found only in quite alkaline waters. 

HAMMATOIDEA W. & G. S. West 
Jour. Roy. Micr. Soc., p. 407, 1897. 

Filaments in tufts or in indefinite strata, often more or less prostrate with 
ascending branches and tips, or bent in the middle with ascending ends. 
Trichomes tapering at both ends, and bearing colorless hairs. False branches 
produced mostly in pairs, parallel or crossing over. Sheaths firm, lamellate. 
Heterocysts lacking. Resting cells unknown. Hormogonia present. 

Type species : Eammatoidea Normanni W. & G. S. West. 

The genus was formed to include the single species, E. Normanni, 
by West and West. Their species differs sharply from the one described 
below. The diagnosis of the genus has been modified to include a wider 
range of forms than their species alone. Eammatoidea shows marked 
similarities to Scytonematopsis — being separated from it chiefly by its 
lack of heterocysts. Both genera have in certain features the general 
habit of growth of species of Scytonema. E. Normanni is known from 
England, Poland, Chatham Island, and Greenland, in non-thermal 
waters. 

The genus is unimportant in the Yellowstone. 

A single Yellowstone species. 

1. Hammatoidea yellowstonensis, sp. nov. 

Filaments growing on the surface of gelatinous Myxophyceae, scattered or in 
small clumps, 5-7/a in diameter in middle by up to 500/a in length, tapering 
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gradually at both ends, with false branches in pairs, crossing over at base, more 
or less prostrate with tips and branches somewhat ascending, ending in long 
slender colorless hairs cir. 0.7/* in diameter. Triehomes straight, not con- 
stricted at the cross walls, 3-5/* in diameter. Sheaths yellowish-brown, firm, 
lamellate with parallel lamellae, funnel-shaped and flaring at bases of hairs. 
Cells cylindrical, blue-green, 1.5-S.O diameters in length, longer in the hairs, 
with granular cell contents. Hormogonia present. Heterocysts absent. 



Fig. 40. — UammatnUlva l/ellou one/iftts, apical portion of filament showing paired 
branches and tapering triehomes (X650). 

The dimensions, habitat, flaring ends of sheaths, cell shape, and posi- 
tion of filaments all separate this species from U. yonnanni. The plant 
is distinctive. 

It has been found only below Jupiter Terrace, Mammoth Hot Springs 
(type: no. 240), growing on various Myxophyceae: Pliorinidium , Mastic 
gocladus , etc., at 30° C. and pH. 7.85. In this site it was common but 
not abundant. 

RIVULARIACEAE Rabenhorst 
FI. Eur. Alg., II, p. 2, 1803. 

Key to the Yellowstone Genera 

I. Sheaths firm and mostly distinct, filaments not in a common matrix. 

1. Bases of branches enclosed in common sheath of the main filament; 

branches often in tufts. Dichotiirix (p. 100) 

2. Bases of branches not in common sheath of the main filaments ; branches 

mostly single. Calothrix (p. 108) 

II. Sheaths more or less confluent; filaments in a common matrix. 

1. Resting cells present. Gloeotrichia (p. 124) 

2. Resting cells absent. Rivularia (p. 120) 

DICHOTHRIX Zanardini 
Plant. Maris rubri Enum., p. 89, 1858. 

Plants caespitose or penicillate, often in pulvinate strata. Filaments with 
false branching; bases of several of the false branches (two to six) inclosed 
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within the sheaths of the main filaments; branching often subdichotomous ; 
filaments tapering from the usually swollen bases to the apices, frequently end- 
ing in colorless hairs. Main filaments regularly pushed to the side by the de- 
veloping branches. Branches arising below the heterocysts. Heterocysts basal 
and at the bases of the branches, infrequently intercalary, in a single species 
absent. Hormogonia formed after the loss of the hairs. Resting cells unknown. 

Type species: Dichothrix penicillata Zanardini. 

The species of Dichothrix grow in fresh water, either running or stand- 
ing, salt water and supersaline marshes, and in hot springs. Several are 
epiphytic or aquatic plants. D . montana was described by Tilden (col- 
lected by Griffiths) from hot water at Lo Lo, Montana. D. com pacta 
Born, ct Flah. has been found in hot springs in Europe (in Iceland at 
55° C.). D . gypsophila (Kiitz.) Born, et Flah. was reported by Weed 
(1889) and Tilden (1896) from the Yellowstone, growing in the over- 
flow channels of geysers in the Upper Geyser Basin, and in Excelsior 
Geyser, Midway Geyser Basin. Weed’s report is not illuminating. He 
stated that the sinter depositions (locally) were due “to the growth of the 
little alga — Dichothrix gypsophila — or its young form, Mastigonema 
thermale” With his taxonomic outlook on the Rivulariaceae, any 
species of Dichothrix , Calothrix , et al. would ha\e been included in the 
single species, and his record may, therefore, be disregarded. Tilden’s 
report seems to be based chiefly on Weed’s; to me her record is quite 
doubtful. Tilden's views on the identification of the various Rivulari- 
aceae were somewhat more advanced but quite comparable to those of 
Weed. In another connection she explained her reasons for describing 
a new (thermal) species of Dichothrix: “Being very plainly a Dichothrix , 
it cannot be included under Calothrix ihermalis, and is therefore made 
a new species.” I am disregarding the Yellowstone records for D. gyp- 
sophila in the absence of authoritative information. 

In the Yellowstone thermal springs the genus is not important. 

Key to the Yellowstone Species 

I. Slieatbs not lamellate ; filaments 9-13.5/* in diameter. D . compacta 1. 

II. Slieatbs lamellate ; filaments 15/* in diameter or greater. 1 D. Baueriana 2. 

1. Dichothrix compacta Born. & Flah. 

Ann. Sci. Nat. Bot. S, 3, p. 379, 1886. 

Plants caespitose, often in tufted strata, filaments densely packed. Fila- 
ments up to 1 mm. long by 9-13.5/t in diameter. False branches erect, penicillate, 
appressed, often included in the sheath of the main filament for some dis- 
tance. Sheaths lamellate, smooth, yellowish to brownish ; above often dilated 
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and torn. Trichomes 4.2~6/t in diameter, ending in slender hairs. Cells 0.5-1.0 
diameter in length, pale olivaceous to dull green. Heterocysts almost spher- 
ical or ovoid. 

Growing in flowing and standing waters, on stones and other stable 
objects, or in hot springs, the species has been reported only once in the 
United States, at San Bernardino, California (Setchell). It has been 
found in Iceland in a hot spring at 55° C. There are no thermal records 
for it in the United States. 

In the Yellowstone it has been found only in non-thermal waters. It 
was noted in the Little Pirehole Biver near the Lower Geyser Basin at 
19° C. and pH. 8.55, in water feebly warmed by thermal springs. It 
was found in greater abundance in the Gallatin Mountains near the 
source of Panther Creek ; and on wet rocks in a mountain rill, along with 
Eydrurus , on the Teton Pass just south of the Yellowstone. 

2. Dichothbix Baueriasta (Grun.) Born. & Flah. 

Ann. Sci. Nat Bot. 8, 3, p. 375, 1886. 

Stratum extended, up to 1 cm. in thickness, green to brown ; plants caespitose- 
penicillate. Filaments flexuous, 15-18/4 (up to 21/t) in diameter. Sheaths 
dose, gelatinous, homogeneous, colorless to yellowish. Trichomes 5-7.5/t, 
rarely up to 9/a in diameter, pale blue-green, tapering gradually into long hairs ; 
sometimes but not regularly constricted at the cross walls. Cells 0.5-1.0 
diameter In length. Heterocysts basal, spherical to hemispherical. 

In the United States this plant has been noted in running and quiet 
water and on wet rocks (and on rocks in the littoral zone on the coast of 
Porto Eico) . It appears to be widely distributed. 

In the Yellowstone it has been noted a single time, in Spray Geyser 
overflow, Twin Buttes Kegion (no. 422) at 55° C., pH. 8.75. It formed 
occasional tufts in shallow water, growing on sinter rock. 

CALOTHRIX Agardh 


Syst. Alg., p. 24, 1824. 


Filaments solitary, in tufts or dumps, or in extended and definite strata, 
often more or less parallel, mostly erect, unbranched or with false branching, 
branches usually single, rarely in pairs; filaments and trichomes frequently 
swollen at bases and tapering into more or less wdl-devdoped hairs at apices. 
Sheaths mostly firm, never confluent, often lamellate, often pigmented, or 
homogeneous and colorless. Heterocysts basal and sometimes also intercalary. 
Resting cells in some spedes, basal, single or in rows of a few. Hormogonia 
often in long rows. 
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The sixty or seventy species of this difficult genus inhabit a -wide range 
of habitats: salt water (usually intertidal), fresh water, warm and hot 
water, and damp soil, rocks, and tree trunks. Several thermal species are 
widely distributed and abundant. The known thermal types include: 
G . thermalis (Schw.) Hansg., G . Gastellii (Massal.) Born. & Flah., 
G. africana Schmidle, 0. epiphytica W. & G. S. West, G. Goetzei 
Schmidle, G . parietina var. thermalis G. S. West, C. calida Richter, and 
G . Kuntzei Richter. The latter two were described from Yellowstone 
hot springs and 0. thermalis has been reported from them. The first two 
were reported by Richter ; the last by Tilden. 

In the Yellowstone the twelve species encountered in this study com- 
prise a very important group. They are characteristic of the cooler 
waters — below 55° C. and are most abundant from 20 to 40° C. Within 
this range in the majority of springs they (or one of them) are abundant 
and include active rock-depositing species. They seem to be of consider- 
able importance in the formation of the hot spring terraces and cones. 
In general they are the most important components of the Galothrix - 
ScytonemarSchizothrix formations that cover large areas in the Lower 
Geyser Basin, and of the Calothrix-Di&tom associations found generally 
in the basic, neutral and slightly acid springs. In extremely acid springs 
they are absent. Quite possibly Galothrix may be placed second to 
Phormidmm in importance in the Yellowstone thermal springs, although 
other genera ( Oscillatoria , Synechococciis) include more species and are 
as widely or more widely distributed. 

The accurate determination of several species is not easy and many char- 
acters are variable and unreliable. Undoubtedly additional study will 
reveal several other species in the region. 

Key to the Yellowstone Species 

I. Sheaths homogeneous; heterocysts basal only. 

1. Sheaths hyaline. 

A. Cells shorter than their diameter. (7. Braunii 1. 

B. Cells longer than their diameter. C. Geitleri 2. 

2. Sheaths golden to yellowish, at least in the lower parts of mature 

filaments. 0. charicola 3. 

II. Sheaths lamellate ; heterocysts basal and intercalary or basal only. 

1. Sheaths hyaline; heterocysts basal only. 0 . fmca 4. 

2. Sheaths yellowish or golden in at least the lower parts of mature fila- 
ments; heterocysts basal and intercalary. 

A. Sheaths with uniform pigmentation; without hyaline layer around 
pigmented portions of sheaths. 

a. Strata variable: felt-like, leathery, crustaceous, or of scattered 
tufts ; strata less than 3 mm. in thickness. 
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*. Filaments mostly branched; strata crustaceous, or with fila- 
ments in tufts. C . parictina 5. 

**. Branching rare ; strata felt-like or leathery. 

!. Filaments 8-10/4 in diameter ; stratum felt-like. 

C. thcrmalis 6. 

! !. Filaments 10-15/4 in diameter ; stratum leathery. 

C . coriacca 7. 

b. Strata pilose, 4 mm. or greater in thickness. 

*. Filaments 8-13/4 in diameter. 

!. Intercalary heterocysts up to 7 diameters in length, often 
in series. C. Kuntzci S. 

! !. Intercalary heterocysts 2 diameters or less in length, never 
in series. C. calida 9. 

**. Filaments 14-20/4 in diameter. C. cavemarum 10. 

B. Sheaths with hyaline layer around pigmented portions. 

a. Sheaths golden, with hyaline outer layer, without hyaline inner 

layer. G. gigas 11. 

b. Sheaths golden, with both inner and outer layers hyaline and 

colorless. C . Bailcyi 12. 

1. Calothrix Bbaunh Bornet & Thuret 


Ann. Sci. Nat. Bot., 8, 3, p. 36S, 1886. 


Stratum velvety, blue-green to brownish. Filaments straight, parallel, often 
crowded, swollen and often bent at the bases, 9-10/4 in diameter and up to 500/4 
in length. Sheaths thin, close, colorless, homogeneous. Trichomes 0-7/4 in 
diameter, often but not always constricted at the cross walls, tapering into 
long hairs ; cells a little shorter than their diameter. Heterocysts basal, hemi- 
spherical. Resting cells absent. 

Cosmopolitan and common in standing or flowing water on stones, 
shells, and water plants, it has been reported from several localities in the 
United States. There have been no records for it from the Yellowstone. 

It is quite common in cool standing or flowing water throughout the 
Park, growing on stones, etc. It has been noted in Panther Creek (Galla- 
tin Mountains), Yellowstone Eiver, Gibbon Eiver, Yellowstone Lake, 
and in several smaller bodies of water. In the Yellowstone Lake at 'West 
Thumb, it grew in water slightly warmed by nearby hot springs. The 
species is evidently non-tliemial. 

2. Calothrix Geitleri, sp. nov. 

Filaments single or in tangled clumps in and on the strata of gelatinous 
algae. Filaments up to 800/4 in length, flexuous and usually entangled and con- 
torted, slightly swollen at bases, and tapering gradually into long colorless 
hairs, diameter of filaments at base up to 9/4, five cells from base 6-8.5/t, hair 
cir. 1.5/4. Trichomes often constricted at cross walls in basal part, otherwise 
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rarely constricted. Cells usually longer than their diameter, from 0.8-2.0 
diameters in length, in hairs up to 4 diameters ; cells 5-6/* in diameter at base, 
4r-5/* five cells from base, 1.5/* in hairs; cell contents blue-green, each cell with 
several granules of variable size. Sheaths close, cir. 1/* thick, colorless, homo- 
geneous, somewhat gelatinous. Heterocysts basal, as large as or larger than the 
trichome bases, within the sheath, usually single, sometimes 2-3 present, mostly 
ellipsoidal, 6-7/* in diameter by 5-9/* in length ; when more than one is present, 
the terminal one is usually obtusely conical. Hormogonia long, infrequent. 
Hesting cells absent. 

While close to several other species* this plant resembles especially 
C . Weleri Sehmidle* C. javardca De Wild, and C. Brmnii Bom. & Flab. 
From (7. Weberi it may be separated by its more slender filaments* its 
gradually tapering form* and usually unconstricted trichomes. It differs 
from (7. javanica in having a more easily observable sheath* more swollen 
base* by lack of resting cells and by heterocysts larger than the trichome 
bases. The chief points of departure from G. Braunii are its solitary or 
tufted habit of growth* more slender filaments* longer cells* and larger 
heterocysts (0. Brmnii may have trichomes with obscure constrictions). 

I have named the species. in honor of Dr. Lothar Geitler* of Vienna, 
Austria* whose works on the Blaualgen have been of great help to all 
students of the group. 

<7. Geitleri has been found only at West Thumb imbedded in the strata 
of Phormidium laminosum (Ag.) Gom.* at 37° C. ; the spring in which 
it grew is yet unnamed. The type (no. 448) collection contained scat- 
tered tufts and single filaments shallowly imbedded in the Phormidium 
and mostly with the hairs emerging from it. The strata of Phormidium 
bearing the Oalothrix was partly emersed* forming algal “islands.” 

3. Oalothrix charicola, sp. nov. 

Filaments solitary or in small clumps, without order, unbranched, epiphytic 
on Chora, attached by prostrate basal portion and with free tips, mostly about 
500/* long (up to 700/*), including the 300-400/* long colorless apical hair; 
straight or fiexuous, often slightly and abruptly bent just above attached and 
prostrate basal portion; bases of filaments feebly swollen, 10-12/* in diameter, 
middle portions 6-8/* in diameter, and gradually tapering into the long color- 
less hairs 2/* in diameter near apices. Trichomes 5-7/* in diameter at base and 
gradually tapering. Sheaths firm near bases, of moderate thickness, 1.5-2.0/* 
thick, golden brown, homogeneous, gradually becoming thinner and colorless 
toward bases of hairs, colorless, gelatinous, and frayed out at bases of hairs. 
Cells, at base, 1/3-2/3 diameter in length, toward apices gradually becoming 
longer, and 3-4 diameters in hairs, usually constricted at cross walls in basal 
parts, not constricted above; cell contents homogeneous, bright blue-green. 
Heterocysts basal, single, mostly hemispherical, less often spheroidal, at first 
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inclosed by the sheath, later exposed, 5-7/ u, in diameter. Resting cells absent. 
Hormogonia frequent, produced few at a time near bases of filaments. 

The species is sufficiently distinct from other species to be easily recog- 
nized. Comparatively few species of Calotluix have been found as 
epiphytes on larger algae in thermal situations. 

Growing on sterile plants of Chant in Soda Spring, Mammoth Hot 
Springs, at 27-30° C., pH. 6.5 (type: no. 12S, 29.5° CL, pH. 6.5), in 
quiet water. C. cliaricola is very local in distribution. This is possibly to 
be correlated with the rather rare occurrence of springs of the type of the 
one in which it was found. The high salt content, slightly acid reaction, 
and stagnant tepid water are unusual among the Yellowstone springs. 

4. Calothrix fusca Born. & Flash. 

Rev. des Nost., p. 364, 1886. 

Filaments in the matrix of gelatinous algae, single or in small and indefinite 
tufts, rarely abundant enough to almost cover the substratum, straight, flex- 
uous or contorted, unbranched or sparingly branched, with swollen bases and 
tapering into moderately short thin hairs ; diameter at base up to 17 /a, body of 
filaments 10-12/*, hairs as small as 1.7 /a, length 200-300/a. Sheaths colorless, 
soft, lameUate but often indistinctly so, up to 2.7/a in thickness. Trichomes 
tapering uniformly from base to apex, not constricted at cross walls. Cells 
shorter than their diameter, often disk-shaped, becoming longer in the hairs, 
up to 12/a in diameter at base, 7-8/a in middle of filaments, and gradually be- 
coming more slender ; cell contents blue-green to oUve-green, frequently with a 
few conspicuous granules. Heterocysts basal, single (or infrequently in pairs), 
hemispherical and usually slightly concave on face toward trichome bases; 
smaller in diameter than the basal trichome cells. Resting cells absent. 

I was able to confirm the occasional occurrence of two heterocysts at 
the trichome base. The branching was strikingly rare in the Yellowstone 
material, being observed in only two filaments. 

C . fusca is a common and cosmopolitan alga growing in Nosloc, Otloeo- 
trichia, Bat ra cl i os perm urn , Chaeiophora, Tetraspora, Gloeocyslis , Riv- 
ulariti , etc. Its known range includes all the continents except Australia 
and Antarctica. It had not been reported from the Yellowstone. 

In the Park it probably occurs most frequently on Xostoc species [esp. 
N. verrucomm (L.) Yauch. and N. pruniforme (L.) Ag. ]. It is most 
frequently non-thermal. In the Firehole River at the Biscuit Basin and 
at Geyser Hill (Upper Geyser Basin), where the water shows strongly 
the effects of the entrance of thermal waters (hot spring and geyser 
overflows), it is quite abundant on Nostoc verrucomm and on Rivularia 
globiceps, forming on some colonies an almost solid stratum. The most 
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abundant site was in tlie Biscuit Basin just below the entrance of Black 
Pearl Spring overflow (no. 433, 22.5° C., pH. 8.2). At this place it was 
accompanied by well-marked thermal species of the cooler range. The 
highest temperature at which it was found was 25.7° C., within a few feet 
of the above-mentioned point. In strictly non-thermal waters of the 
Park I have found the species in the Firehole Cascades, Gibbon River 
one half mile above the falls, Yellowstone River at Hayden Valley, Pan- 
ther Creek three miles west of the Seven-mile Bridge over the Gardiner 
River, all on Nostoc species; in the Gardiner River at the Seven-mile 
Bridge, on Tetraspora ; in the Yellowstone River at Pishing Bridge, on 
Cftaetophora; and in the Firehole River at junction with Madison River, 
on Gloeotrichia. 

5. Calothbix parietina Tliuret 
Essai class. Nostoch., p. 381, 1S75. 

Filaments single, in tufts, or in spreading crustaceous brown to almost black 
strata, often incrusted with lime or silica, usually unbranclied, branching rare, 
erect, decumbent or irregular, flexuously contorted or more or less liexuous, 
10-12/* (or rarely up to 18/*) in diameter, and up to 1 mm. long. Sheaths close, 
moderately thick (1-2.5/*), lamellate, brown and more or less ochreate, often 
opaque, fragile and often Assured, wide and often fringed in upper portions. 
Trichomes 5-10/* in diameter, bearing a long colorless hair, usually constricted 
at cross walls below, cylindrical above. Cells short in basal parts, 0.3-0.7 
diameter in length, longer in upper portions, up to 2-3 diameters, blue-green, 
with usually several granules in each. Heterocysts basal, single or in pairs, 
occasionally intercalary; basal heterocysts subspherical to button shaped, 
usually hemispherical, larger than the trichome bases ; when two are present, 
the subterminal one is usually quite flattened ; intercalary heterocysts elliptical 
to subcylindrical. Hormogonia about 3 times as long as broad, single or in 
series of a few. Resting cells absent. 

Widely distributed and cosmopolitan, it grows in a wide range of 
habitats : ponds and lakes, often in the littoral zone on stones and peb- 
bles, moist earth, rocks, and cliffs, brackish water, and damp soil in salt 
marshes. It has been reported from several localities in the United 
States, although not from the Yellowstone. 

The species is quite frequent in the Park on wet rock and in some 
shallow pools. At West Thumb it has been noted on wet sinter rock, at 
the edge of Yellowstone Lake. This locality is interesting in that the 
alga was on rock kept wet by seepage from hot springs nearby. The 
range of temperature here was 18-23° C. (no. 449). In Bijou Geyser, 
Upper Geyser Basin, it was found at a much higher temperature, 37° C. 
(no. 438). It seems evident that this non-thermal species is encroaching 
on thermal habitats to a significant degree. 
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6. Calothrix therm alis (Schwabe) Hansgirg 

Beit rage zur K ennt niss der Bdhmisch. Thermalalgenflora, Osterr. 

Bot. Zeitsebr. 84, p. 279, 1884. 

Syn. : Mastichonema- thermale Scbwabe, 1837. 

Stratum tomentose, often slippery, often lime-incrusted, extended, blue- 
green, olive-green to dull or bright yellow-brown. Filaments interwoven, con- 
torted, thickly placed, 8-l<V in diameter by up to several mm. long, feebly 
swollen at bases of at least young filaments. Sheaths moderately thick, color- 
less or usually at bases of older filaments yellowish, or mostly yellowish, mostly 
indistinctly lamellate, sometimes almost homogeneous, sometimes distinctly 
lam ellate. Trichomes tapering into long hairs, feebly or not constricted at 
cross walls. Cells 5-8/* in diameter, 1/3-1 diameter in length (rarely longer ?), 
blue-green. Heterocysts basal and often intercalary, elliptical to subspherical. 
Resting cells absent. 

This cosmopolitan thermal alga has been reported from the United 
States only by Weed (1889) and Tilden (1898). Their records are 
subject to doubt or amendment. Weed refers to the alga as growing in 
the runoffs of the geysers. It is rare or absent in such sites. He neither 
distinguished between the various species of Calothrix , nor separated 
(7. thermalis from Dichothrix. Apparently to both Weed and Tilden a 
thermal Calothrix was of necessity Calothrix thermalis . Tilden cited 
records of her own for (7. thermalis in the Yellowstone, and published 
five figures of the plant (Tilden, 1910, pi. 18, f. 1-5). Her Fig. 3 is not 
(7. thermalis; figs. 4 and 5 probably are not; figs. 1 and 2 probably are 
the species. 

C . thermalis is abundant in the Yellowstone, especially at the Mam- 
moth Hot Springs. It has been noted in Orange Spring Mound, Orange 
Spring Mound, Jr. (nos. 83, 84, 85) at 25-42° CL, pH. 7.95-8.2, as a 
dominant form, Angel Terrace, Hymen Terrace, Jupiter Terrace, Diana 
Terrace, Main Terrace, White Elephant Spring, and elsewhere. In other 
parts of the Park it has been found occasionally. It was noted at the 
Lower Qeyser Basin: White Dome Geyser, pool by cone (nos. 404, 405) 
at 19.2-20° 0., pH. 8.4; and in the Twin Buttes Region: Spray Geyser 
(no. 427) at 39.3° C., pH. 9.0. The plant is one of the most character- 
istic species in the Mammoth Hot Springs at temperatures of 20° C. to 
50° 0., and between 30° C. and 40° C. it is regularly a dominant form. 
It has been found only in basic waters, pH. 7.4-9.0. The species is 
regularly thermal, and has not been noted in the Park outside of thermal 
waters. 
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7. Calothrix coriacea, sp. nov. 

Stratum extended, leathery, brownish black, 1-2 mm. thick. Filaments very 
long, up to 5 mm. in length, contorted and interwoven, 10-15/* in diameter, 
tapering very gradually in the upper half into a short hair or a pointed filament 
apex, not swollen at bases, branching rare or absent. Sheaths lamellate with 
parallel lamellae, yellowish in basal half of filament, colorless in upper half, 
firm, even, smooth. Trichomes cylindrical, not constricted at cross walls, 3-7/* 
in diameter, up to 6/* in diameter at base. Cells elongate, 1.5-6.0 diameters in 
length, with blue-green, granular contents. Heterocysts basal and intercalary ; 
basal heterocysts 1-2, ovoid with flattened face to spheroidal or hemispherical, 
6-8/* in diameter by 4-12/* in length ; intercalary heterocysts single, cylindrical, 
4-7/* in diameter by 8-27/* in length. Hormogonia 10-30-celled, constricted at 
the cross walls, with short cells (0.5-1.0 diameter in length). Resting cells 
absent. 

Differing from related species by mostly minute but numerous fea- 
tures, 0. coriacea is distinct. Prom the associated Yellowstone species it 
is easily separated by its thin, dark, tough, leathery stratum. 

It has been found only in the Upper Geyser Basin. The type (no. 
436) is from Bijou Geyser, where it grew on a mixed stratum of 
Phormidmm subcapitatum Boye Pet. and Phormidmm rabrum Tilden, 
at 42° C., pH. 8.95. Its stratum entirely covered the stratum of Phor- 
midmm and appeared to injure it severely. It has been noted around 
several geysers in the immediate vicinity of Bijou: Mastiff and Catfish 
Geysers, Oblong Geyser overflow, Lion Geyser overflow, and others at 
temperatures of from 35° to 49.6° C., in basic waters. It grows either 
emersed or submerged, on rocks or on other algae. 

8. Calothrix Kuntzei Richter 

in Kuntze, Revisio Gen. PI., 3,2, p. 388, 1898. 

Stratum extended, pilose, carpet-like, up to 5 mm. in thickness; above dull 
blue-green to golden brown, becoming paler toward the lower portions, incrusted 
with silica below. Filaments in tufts, mostly erect and mostly parallel, 
straight to flexuous or in lower portions frequently contorted, 10-13/* in diame- 
ter, occasionally with single false branching ; filaments often sheathed with a 
siliceous incrustation. Trichomes often swollen at bases, 5-8/* in diameter in 
middle portions and up to 10/* at base. Cells blue-green, cylindrical to slightly 
swollen, shorter or longer than broad. Trichomes very long, up to 3 mm. or 
more, tapering at apices into long colorless hairs with elongate cells, usually 
constricted at the cross walls. Sheaths firm, thick, colorless or usually golden, 
lamellate, made up of divergent trumpet-shaped segments, and with occasional 
flaring free collars. Resting cells absent. Heterocysts both basal and spherical, 
and intercalary and quadrate to cylindrical, up to 7 diameters in length, and 
often in catenate series. 
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This species is close to C. calida Eichter in many respects. Geitler 
(1931) suggested that the two might be identical. This \iew is espe- 
cially favored by Eiehter’s rather brief descriptions* that scarcely note 
the more striking differences. For example* Eichter noted the elongate 
intercalary heterocysts of C . Kunizei but merely mentioned the presence 
of intercalary heterocysts in C. calida without any reference to their 
shape or size ; he noted the thickness of the strata : 5 and 6 mm., poor 
grounds for their separation; and gave similar dimensions. The two 
species, while close, are certainly distinct. The rather more pilose strata, 
the much elongate intercalary heterocysts, the catenate heterocysts are 
all in sharp contrast to C. calida . The description given above is scarcely 
that of Eichter. 

(7. j Kunizei is a typical member of the flora of certain erupthe geysers. 
It is found on the sinter slope of most of the major geysers in the Upper 
Geyser Basin and a few of those in the Lower Basin; it occurs around 
several non-eruptive springs. Eichter described the species from mate- 
rial collected by Kuntze in “Yellowstone Geysers/’ in Oct. 1874. Although 
Kuntze did not state exactly where he collected the material, it probably 
came from the Upper Babin. Since that time until now, to my knowl- 
edge, the species has not been reported. 

I have found the plant at the following springs : — Upper Geyser Basin : 
Giant Geyser, Bijou Geyser (nos. Y. 27, 135, at 41.5° C., pH. 8.95), 
Castle Geyser (no. OS. 47, at 30-55° C., pH. 9.1), Old Faithful Geyser, 
Lion Geyser, Grand Geyser, Dragon Geyser, Beehive Geyser, and Grotto 
Geyser; Midway Geyser Basin: Grand Prismatic Spring, and Excelsior 
Geyser Crater; Lower Geyser Basin: Great Fountain Geyser, White 
Dome Geyser, and Fountain Geyser. The plant is very resistant toward 
desiccation, which is particularly severe on the intermittent and erup- 
tive springs. On the other hand, it is often killed by the liot water when 
the water falls a little farther than usual from the vent, or when the 
eruption is greater than usual. Giant Geyser and Lion Geyser each 
scalded out an extensive patch of the alga in the summer of 1931. Giant 
Geyser is sufficiently intermittent to permit the alga to grow up between 
eruptions, so that the water merely killed out the advance made during the 
period of quiescence ; Lion Geyser killed out the growth by overflowing 
rather than erupting, thus heating its slopes more than it does with a 
normal eruption. C . Kuntzei seems to be limited to basic waters (pH. 
S.4-9.3) and to tolerate a wide temperature range (25-55° C.). 
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9. Calothrix cauda Richter 
in Kuntze, Revisio Gen. PI. 3,2, p. 388, 1898. 

Stratum extended, somewhat pilose, carpet-like, up to 6 mm. in thickness, 
spongy or crustaceous, olivaceous to dull brownish, frequently incrusted with 
silica or lime below. Filaments interwoven, flexuous to contorted, not in tufts, 
8-10/* in diameter and up to 5 mm. in length, with occasional single false 
branching. Sheaths dose, firm, thick, yellowish-brown except near bases of 
hairs, lamellate with gradually divergent lamellae, at infrequent intervals with 
flaring, funnel-shaped collars. Trichomes feebly swollen at bases, 3-6/* in 
diameter, up to 7/* in diameter at base, blue-green, tapering into long hairs 
with elongate cells, constricted at the cross walls. Cells below mostly swollen, 
1-3 diameters in length, longer than broad, quadrate to short-cylindrical, above 
cylindrical, 2-3 diameters in length, and often with inconspicuous cross walls. 
Heterocysts basal and spherical to subspherical, intercalary and spherical, 
ovoid or short-cylindrical, 1.0-1. 8 diameters in length, single. Resting cells 
absent. Hormogonia present. 

Reported by Richter from geysers in Yellowstone, at 62.5° C., 0 . calida 
is apparently an endemic species. Richter's temperature record is proba- 
bly erroneous, due to the periodic fluctuation in the activity of the asso- 
ciated geyser. 

C. calida is much less abundant than the similar C. Kuntzei , and is 
apparently more widely distributed. It has been noted in the Upper 
Geyser Basin : Giant Geyser, Old Faithful Geyser, Lion Geyser, and in a 
few other springs; Mammoth Hot Springs: Minerva Terrace (no Y. 12), 
Jupiter Terrace; and in five isolated springs. It occurred at from 29° C. 
to 40.4° C., pH. 8.0 to 8.85. In a few sites it was abundant and formed 
unmixed strata. 

10. Calothrix cavernamm, sp. nov. 

Stratum firm, pilose, carpet-like, vertically fibrous, up to 5 mm. in thickness, 
brown on surface and in upper portions, paler below, frequently incrusted with 
silica, especially below. Filaments in part erect and mostly parallel, in part 
suberect and flexuously contorted, swollen at bases especially when young, 
14-20/* in diameter above the base, up to 24/* in diameter at the base, tapering 
into short colorless hairs. Trichomes 5-9/* in diameter and up to 3 mm. or 
more in length; constricted at the cross walls in the basal portions, and at 
intercalary meris terns above, otherwise cylindrical and unconstricted. Sheaths 
close-fitting, wide, golden brown to yellowish except near bases of hairs where 
they become colorless, distinctly lamellate, lamellae parallel and not divergent, 
rather brittle and often cracked in older filaments, flaring and funnel-shaped 
at the upper end, incrusted with silica and frequently peeling in basal portions. 
Cells 0.7-3.0 diameters in length, short at base and in meristems, elsewhere 
1.5-3.0 diameters (including the apical hairs) ; contents blue-green, occasionally 
with granules ; cross walls inconspicuous. Heterocysts basal, one to three to- 
gether, and intercalary, single or in twos ; basal heterocysts spherical to sub- 
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spherical, 9.0-12.5/a in diameter by 10.0-12.5/a in length, when two are present 
the terminal one smaller and often flattened, 6-7/a in diameter by 3-S/a in length ; 
intercalary heterocysts cylindrical, 6-9/a in diameter by 7-30/a in length. 
Branching rare. Hormogonia not frequent, long. Resting cells absent. 

C. cavenmrum is distinct. It is closer to G . Eiuitzei than to the other 
Yellowstone species. From it it differs in its larger size, frequent multi- 
ple basal heterocysts, infrequent branching, and other minor details. 

The species is rare and local. It has been found in a single site, but 
them in great abundance over an area of some Ihe square feet. It was 
growing in a cave formed by an overhanging ledge of sinter, on the bank 
of the Firehole Eiver between Oblong and Giant Geysers, Upper Geyser 
Basin. The plant was in moderate shade and at 25° C., on wet sinter 
(type: no. 446). 

11. Calothrix gigas, sp. nov. 

Stratum extended, gelatinous-fibrous to woolly-gelatinous, bluish-green, less 
often brownish-black, up to 3 mm. in thickness. Filaments entangled below, 
ascending and more or less parallel above, flexuous to straight, tapering 
abruptly or somewhat gradually into short hairs, feebly swollen at bases, 
IS-32/a in diameter, mostly cir. 20-25/a, slightly thicker at bases in young fila- 
ments than in middle portions. Sheaths thick, lamellate with divergent 
lamellae, golden-brown with a colorless, homogeneous and gelatinous surface 
layer 0.5-2.5/a thick ; sheaths pigmented to the open, flaring ends at bases of 
hairs, pigmented even in young filaments, branching single, occasional. Tri- 
chomes up to 10/a in diameter at bases, 4-C/a in diameter in middle portions, 
and 1.5-2.5/a in hairs, mostly not constricted at cross walls, constricted in 
meristematic regions and at bases. Cells often slightly swollen, cylindrical, 
1.5-2.5 diameters in length, as short as 0.5 diameter in meristems, cross walls 
often inconspicuous: cell contents coarsely granular, blue-green. Heterocysts 
basal and intercalary, basal heterocysts spheroidal to hemispherical, 6-1 1/a in 
diameter, intercalary heterocysts cylindrical, 1. 5-4.0 diameters in length, 
14-23/a long, by 6-12/a in diameter. Hormogonia present. Resting cells absent. 

The young plantb are often prostrate and tapering at both ends, and 
have the general aspect of Scytonemafopsi s. I am terming this jmenile 
stage the Scvtoiiematopsis state. The filament size and sheath characters 
are constant in both the adult and juvenile states. The species is quite 
distinct. 

It has been found in the Upper and Lower Geyser Basins and in the 
Twin Buttes Begion. The type (no. 430) is from the junction of Spray 
Geyser overflow and Imperial Geyser creek, where it grew at 31.5° C„ 
pH. 9.05, on wet sinter at the edge of the stream. On the whole it is not 
common. It was noted (no. 426), in its Scytonematopsis state, on wet 
sinter by the Spray Geyser rill at 32.4° C., pH. 8.9. In the Lower Geyser 
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Basin it was found at the Great Fountain Geyser, in the Upper Basin at 
a seep on Geyser Hill. 


12. Calothrix Baileyi, sp. nov. 

Stratum firm, pilose, carpet-like, vertically fibrous, covered with a finely 
fibrous whitish down consisting of the free hairs at ends of trichomes, extended 
and 10 mm. or more in thickness, very smooth and slimy on surface, dark 
orange-brown to brown, grayish below; surface layers to 3 mm. almost free 
from incrustation, deeper layers heavily incrusted with lime. Filaments 
rarely branched, very long, in fascicles, parallel, erect, 16-23/* in diameter, 
feebly swollen at bases, tapering into long free hairs. Sheaths firm, thick, 
hyaline at first, becoming golden-yellow to golden-brown, with a colorless outer 
layer and a colorless inner layer, lamellate with parallel layers, often break- 
ing at or near points of active growth, the colorless portions stretching and 
forming colorless, often constricted, transverse zones in the sheaths, no fray- 
ing or divergence at points of breaking. Trichomes 5.0-7.2 /* in diameter, 
swollen at bases only when young, tapering into colorless hairs up to 4 mm. in 
length. Cells 2-4 diameters in length, cylindrical to subcylindrical. Cross 
walls often not conspicuous ; filaments usually not constricted strongly at cross 
walls, often slightly or not at all constricted ; cells often swollen ; contents blue- 
green, granular. Heterocysts basal and intercalary, basal ones solitary and 
hemispherical, intercalary ones cylindrical, cir. 5 diameters in length, 6-8/* in 
diameter, solitary or in pairs with or without a cell between. Resting ceUs 
absent. Hormogonia not noted. 

The species is completely distinct but related to C. Kuntzei Richter, 
C. calida Richter, C. cavernarum (of this paper) and G. gigas (of this 
paper). Its sheaths are distinctive and its massive stratum unique. 

G . Baileyi has been named in honor of Mr. Kenneth Bailey, of Rich- 
mond, Ind., who gave the author invaluable assistance in the Yellowstone 
in the summer of 1931 and who discovered the plant. 

Although found only on the banks of the Boiling River in the Gardiner 
River Canyon, the strata of the plant cover large areas of wet hot earth 
and rock. The plant grew on both banks of the Boiling River for its 
entire length, and was especially well developed where it received the 
spray from a small waterfall. It grew at temperatures of 32-48° C., and 
at pH. 6.6. The type (no. 261) was at 35.2° C. 

GLOEOTRICHIA Agardh 
Alg. Marls Medit. et Adriat., p. 8, 1842. 

Filaments radially arranged and more or less parallel, united into spherical 
or hemispherical colonies, frequently but often obscurely false-branched, ta- 
pering into long, colorless hairs ; branches single. Sheaths mostly close ; firm 
and distinct at bases and only the outer part gelatinized, completely or almost 
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completely gelatinized and confluent above the bases, and often indistinct; 
gelatinized sheaths forming a general colonial matrix. Trichomes with inter- 
calary or trichothallic growth, tapering. Heterocysts basal and often also in- 
tercalary, usually present at bases of branches. Resting cells at the bases of 
trichomes near the basal heterocysts, single or in series of a few. Hormogonia 
present. Pseudovacuoles in certain species. 

Many authors have united this genus with Rivularia Ag. The two are 
unquestionably close, but ordinarily the presence or absence of resting 
cells makes their separation easy. 

The majority of the species grow in fresh water, attached at first and 
later floating free. Planktonic, brackish, and terrestrial forms are few. 
There are no thermal species. 

In the Yellowstone the genus is relatively unimportant, and is best 
represented in some of the smaller rivers. 

Key to the Yellowstone Species 

I. Colonies hollow at maturity; sheaths yeUowish; cells usuaUy without 
pseudovacuoles. G. natans 1. 

II. Colonies solid; sheaths colorless; cells with pseudovacuoles. 

G . ecMnulata 2. 


1. Gloeotrichia natans Rabenhorst 


Deutschl. Krypt.-Fl., p. 90, 1847. 

Colonies spherical to subspherical, soft, solid when young and hollow at 
maturity, mostly up to 1-3 cm. in diameter, sometimes larger, rarely much 
larger, dull olive-green to brown. Filaments loosely associated, easily sep- 
arated from each other with light pressure. Trichomes tapering into long 
hairs at apices. Sheaths yeUowish to golden, narrow, and in the basal part 
inflated and constricted in a few places. Cells 5-7/* in diameter, olive-green to 
blue-green, in basal parts swoUen, quadrate or shorter than long, above cylin- 
drical, up to 4 diameters in length; intercalary meristems with shorter and 
swoUen ceUs ; ceU contents granular, in young colonies sometimes with pseudo- 
vacuoles. Heterocysts spherical or subspherical, 6-12/* in diameter. Resting 
cells single, cylindrical, straight or curved to crooked, 10-18/* in diameter by 
40-250/* in length, with colorless to brownish smooth membranes. 

Occurring in standing or slowly flowing, fresh or rarely feebly brack- 
ish water, (?. natans is cosmopolitan and locally very abundant. Its oc- 
currence is often erratic on successive seasons in the same site. It has 
not been previously reported from the Yellowstone. 

It has been collected a single time in the Pirehole Eiver at the Biscuit 
Basin (no. 432), at 22.5° 0., pH. 8.2. The colonies were mostly at- 
tached, some were floating. The water where the attached plants were 
found was warmed by the overflows of springs in the Biscuit Basin and 
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Upper Geyser Basin above. The plant is non-tkermal, and shows little 
ability to invade warm waters. It was noted but not collected in non- 
thermal waters elsewhere in the Park. 

2. Gloeotriciiia echlnulata (Smith) Richter 
Forsch.-Ber. Plon 2, p. 31, 1894. 

Colonies livid green to milky green, planktonic, solid, firm, spherical to ovoid ; 
0.5-7.0 mm. in diameter. Filaments easily separated from each other with light 
pressure. Sheaths thin, homogeneous, more or less easily visible, colorless. 
Triehomes tapering into long hairs which project free from the gelatinous 
matrix of the colony, at base S-lOju in diameter, in hairs 1-2 fi. Cells at base 
quadrate and swollen, often spheroidal, above longer and cylindrical, with 
pseudovacuoles. Heterocysts ellipsoidal to spherical, 7-10n in diameter. Rest- 
ing cells cylindrical, straight or feebly bent, 8-1 S/x in diameter by cir. 44-oO/x 
in length. 

This planktonic species is known from North America and Europe. 
It is most frequent in standing water, ponds, and lakes; it is occasional 
in flowing water. It has not been noted previously in the Yellowstone. 

It has been found in abundance in the Firehole River opposite the 
Biscuit Basin (nos. 431, 433) at 22.5° C., pH. 8.2, in slowly flowing 
water lvarmed slightly by hot spring overflows. The colonies were mostly 
cir. 2-3 mm. in diameter and were floating among water plants. A single 
colony was found at the junction of the Gibbon and Firehole rivers, sev- 
eral miles below the Biscuit Basin. The plant was looked for but not 
found elsewhere. It seemed to be absent above the Biscuit Basin. 

RIVULARIA Agardh 


Syst. Alg., p. 19, 1824. 


Filaments more or less radial or parallel, united into spherical or hemi- 
spherical colonies; colonies often confluent into extended strata. Colonies 
gelatinous, cartilaginous, or (when indurated) stony. Triehomes with single 
false branching mostly distinct but sometimes obscured, tapering into hairs, 
with trichothallie or intercalary meristems. Sheaths mostly gelatinized and 
somewhat confluent in the outer portions. Heterocysts basal and often also 
intercalary, usually at bases of the false branches. Resting cells absent. 
Hormogonia formed mostly at the intercalary meristems. 

The various species grow either in fresh flowing or standing water, on 
moist earth, rocks, etc., in salt marshes or marine habitats and mostly 
intertidal. Planktonic species are few. Several species are epiphytic on 
aquatic plants. Thermal species are unknown. 
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In the Yellowstone hot springs the genus is poorly represented and 
unimportant. 

A single Yellowstone species. 

1. Rivularia globiceps G. S. West 
Linn. Soc. Bot. 38, p. 1S2, 1907. 

Colonies soft, ►spherical to hemispherical, 1.5-3.0 mm. in diameter. Filaments 
easily separated from each other by light pressure. Sheaths thick, homogeneous, 
colorless, and difficultly visible. Trichomes tapering into moderately long hairs. 
Cells cylindrical, constricted at the cross walls, 4.8-6 aa in diameter, l.S^.O 
diameters in length in the basal parts, 1-3 diameters in length above, longer 
in hairs, blue-green in color; cell contents with a few conspicuous granules. 
Heterocysts spherical, single or rarely in pairs, 10-12 fi in diameter. 

Previously known only from Lake Tanganyika, Africa, growing on 
the stems of water-plants, the presence of this species in the Yellowstone 
is surprising. 

It has been found two times in the Firehole Kiver opposite the Biscuit 
Basin (nos. OS.42, 431, 432, 433). It was growing on various water 
plants for the most part, a few colonies were floating. The colonies were 
mostly spherical and the plants were typical in every respect. The water 
in which it grew ranged from 18.0 to 26.4° (A, with a pH. of 8.2. This 
temperature was due to the warming effect of the overflows from hot 
springs in the Upper Geyser Basin and the Biscuit Basin, and probably 
approximated the temperature of the tropical lake the plant was de- 
scribed from. The Firehole River is in part quite rapid, but at the 
point at which this as well as several other interesting algae were found 
the water on the east side was quiet and supported a heaAy growth of 
aquatics. 


MICROCHAETACEAE Lemmermann 
Krypt.-Fl. Mark Brandenberg, p. 3, 1910. 

A single Yellowstone genus. 

MIGROCHAETE Thuret 
Essai class. Nostoch., p. 378, 1875. 

Trichomes single in distinct sheaths, usually tapering slightly toward the 
apex or less often of the same diameter throughout, with distinct base-apical 
differentiation, not tapering into apical hairs. Filaments mostly attached, 
single, in tufts, or turf-like strata, unbranched or sometimes with single false 
branching. Heterocysts basal and often also intercalary. Resting cells single or 
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less often in rows, adjacent to or near the basal heterocyst, rarely removed 
from it. Hormogonia present. 

Type species: Microchaete tenera Thnret. 

The several species live either in shallow water in the ocean, or in 
standing fresh water. Thermal species have not been noted previously. 

A single rather uncommon species represents the genus and family 
in the Yellowstone thermal springs. There are few records of fresh 
water species from the United States and none from the Yellowstone. 

A single Yellowstone species.* 


1. Microchaete bulbosa, sp. nov. 

Plants endophytic in the thallus of gelatinous algae, flexuous to contorted, in 
tufts or solitary ; filaments unbranched or rarely with single false branching, 
up to 2 mm. in length but mostly less than 1 mm., swollen at base and tapering 
soon into an almost cylindrical and very graduaUy narrowing middle portion 
that ends in a blunt slender apex, diameter of filament at base 7-11*1 , in middle 
part 5.3-60*c f at apex 3.8-42*4. Trichomes sharply swollen at bases of most 
filaments, mostly not constricted at cross walls except near the base, diameter 
at base 6.5-9.0**, in middle part 42-5.0*4, at apex dr. 3 *t. Sheaths firm, thin, 
colorless, homogeneous, often constricted opposite cross walls, giving the fila- 
ment a moniliform appearance. Cell contents blue-green, mostly with 1-4 
prominent granules, finely granular ; cells cask-shaped to cylindrical, at base 
0.7— 1.5 diameters in length, in middle portion 1-3 diameters, at apex 2-4 diam- 
eters ; end cells elongate conical with rounded apices, dr. 3.0*4 in diameter by 
7-9*4 in length, wall of end cell slightly thickened. Heterocysts mostly basal and 
single, occasionally in twos, occasionally intercalary ; basal heterocysts spher- 
ical to hemispherical, 5-10*4 in diameter by 4-10*4 in length; intercalary hetero- 
cysts barrel-shaped to cylindrical, 5-6*4 in diameter by 10-18*4 in length. Rest- 
ing cells in rows of usually a great many, often all cells of a trichome becoming 
such, from 15 to 183 (probably often more), the row of resting cells often being 
separated from the basal heterocyst but not always; resting cells spherical 
to ovoid, 5-7*4 in diameter by 5-12*4 in length, shorter in basal part of trichome, 
longer in distal part, membrane smooth, thin, brown. 

The long rows of resting cells separate M. "bullosa from most other 
species of Microchaete . Its closest ally seems to be M. tenera Thuret. 
From it it differs in having broader filaments, swollen bases, a more 
tapering form, larger heterocysts, shorter resting cells in longer rows, 
more prominent constrictions at the cross walls, and cells of the apical 
portions much shorter. 

Up to the present the species has been found only in Spray Geyser Bill 
and Imperial Creek, Twin Buttes Region. There it inhabits the strata 


* Tolypothnw distorta var. endophytica might be sought here. 
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Fig 53 — Musrochaete 6 uTbosa, filaments of typical form, one •with resting cells (X600) 


chiefly of Phormidmm lamvnosum (A g.) Gom. at temperatures of 
33-47° d, at an alkalinity of about pH. 9.0. The type (no. 437) is from 
the Spray Geyser Hill, at 39.3° C. and pH. 9.0. Apparently the species 
is not common in the Yellowstone but in the above locality it is easily 
found. 
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NOSTOCACEAE Kiitztng 
Phyc. gen., p. 203, 1843. 

Key to the Yellowstone Genera. 

I. Heterocysts mostly intercalary, only occasionally terminal. 

1. Trichomes single and free, or in a flocculent to gelatinous indefinite 
stratum. 

A. Cells short disk-shaped. Nodularia (p. 130) 

B. Cells not short disk-shaped, mostly ovoid to spherical. 

Anabaena (p. 131' 

2. Trichomes in a gelatinous to cartilaginous matrix of definite form and 

structure. Nostoo (p. 133) 

II. Heterocysts terminal only ; resting cells subterminal and adjacent to the 

heterocysts. Cylindrospermum (p. 137) 


NODULARIA Mertens 
in Jurgens, Alg. Dec. 15, p. 4, 1822. 

Filaments mostly straight or often bent ; trichomes of short, disk-shaped cells, 
with thin, slimy or at maturity mostly confluent sheaths, single or united into 
formless slimy masses. Heterocysts intercalary, sometimes also terminal, 
slightly larger than the vegetative cells but similar in shape. Resting cells 
always removed from the heterocysts, single or in rows. 

The species grow in fresh water, less often in brackish or salt water, 
and occasionally in warm springs. There are no previous records of 
the genus from the Yellowstone. 

A single Yellowstone species. 

Nodularia harvey ana Thuret 
Essai class. Nostoch., p. 378, 1875. 

Filaments 4-6 n in diameter, more or less straight, with bluntly conical end- 
cells. Sheaths thin, colorless, distinct or confluent. Cells before division quad- 
rate or nearly so, shorter following division. Heterocysts spherical with 
flattened ends. Resting cells in rows of 2-1C, short cask-shaped to compressed- 
spherical, cir. Sjm in diameter, with yellowish brown membranes. 

Growing in standing fresh or salt water, in salt marshes and in warm 
springs, it is widely distributed. In North America it has been found 
in many localities and in a variety of habitats. 

Tn the Yellowstone it has been noted in seven stagnant or slowly flow- 
ing pools and streams. These include unnamed springs in the Upper 
and Lower Geyser Basins. In each site the water was basic, pll. 7.9-8.7, 
and was at most tepid, up at 32.8° C. The species is generally unimpor- 
tant in the springs. 
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ANABAENA Bory 

Diet, class, d’hist. nat. 1, p. 307, 1822. 

Filaments solitary or united into indefinite slimy, flocculent or soft leathery 
strata or masses, straight, flexuous, contorted or coiled. Trichomes of the same 
diameter throughout, with delicate, soft and more or less confluent sheaths, 
often invisible, or none. Cells mostly at least as long as their diameters, con- 
stricted at the cross walls, ovoid to spherical, sometimes subcylindrical ; all 
cells with normal pigmentation. Heterocysts intercalary. Resting cells soli- 
tary or in rows, spherical to cylindrical, either adjacent to the heterocysts, 
remote from them, or of indefinite position. Psoudovacuoles often present. 

The majority of the many species are planktonic in fresh-water lakes 
and ponds, several species live attached or later often floating, a few 
regularly live on moist earth, etc., several occur in brackish water, a 
few in salt water, a few as symbionts in higher plants, and a few in 
warm waters. *4. oscillarioides Bory, while ordinarily non-thermal, has 
been found se\cral times in warm springs; A . varidbilis Kiitz. occurs 
on moist earth, in fresh water and in thermal situations; and A. ther- 
malis Vouk was described from a hot spring in Croatia at 45° C. (Vouk, 
1916). There are no previous records of thermal species for North 
America. 

In the Yellowstone the genus is poorly represented and, in particular, 
planktonic species seem to be rare. 

Key to tiie Yellowstone Species.* 

X. Resting cells ovoid, catenate ; trichomes 4-G/a in diameter. A. variahilix 1. 
II. Resting cells cylindrical, solitary or in twos ; trichomes cir. 1.3 /a in diameter. 

A. MarkU i 2. 


1. Anabaena vartabilts Kiitzing 
Phycol. goner., p. 210, 1848. 

Iucl.: Ambavna ImllvmiH (Jancz.) Born. & Flail. 

Plant mass dark green, gelatinous, extended. Trichomes contorted and 
irregular; 4 .-<>/a in diameter, mostly without sheaths but oft cm imbedded in a 
soft gelatinous matrix. Cells barrel-shaped, lightly constricted at the cross 
walls, often with psoudovacuoles (?), 2.5-0.0/a in length, blue-green; end-cells 
obtusely conical. Heterocysts spherical or usually elliptical, cir. G/a in diameter 
by 8/a in length. Resting cells ovoid, with truncate ends, (M)/a in diameter by 
8-14/t in length, not adjacent to the heterocysts, developing ccntrifugally in 
long catenate series, with smooth or minutely bristled, yellow-brown or color- 
less walls. 


* Mastigocladus Xarninosus var. anabaenoidc $ might be sought here. 
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Widely distributed and often common, it is found either on damp soil 
and mud or in water, floating or on the bottom, in fresh water, brackish, 
polluted, and warm waters. In the United States it is known from a 
large number of localities, ranging from Maine and Hew Jersey to Cali- 
fornia and Washington. In 1896 Tilden found A. variabilis in the Yel- 
lowstone on the surface of cool water in a ditch seven miles north of the 
Lake Hotel. There are no previous records of it from thermal sources, 
either in the Yellowstone or elsewhere in the United States. 

In the present investigation it has been noted frequently in cool stag- 
nant pools in the Geyser Basins, and but a single time (no. 443) in warm 
water. This collection was made in the Firehole River in the Upper 
Geyser Basin, where several hot springs empty into it. It was abundant 
at a temperature of 32.2° C., and at pH. 8.8. A . variabilis is clearly 
a species of non-thermal relationship that has invaded mild thermal 
situations to a limited extent. 

2. Anabaena Marklei, sp. nov. 

Filaments solitary or tufted, epiphytic on mosses in shallow uater or on 
damp marshy ground, attached loosely and often becoming free floating, 
straight, slightly flexuous or sometimes irregularly crumpled, cir. 1.3/4 in diam- 
eter. Cells cylindrical, cir. 1.3/4 in diameter by 1.2-2.5 diameters in length, 
1.5-3.0/4 long ; slightly constricted at the cross walls ; gray-green in color ; end- 
cells rounded. Sheaths absent or at least invisible on free portions of fila- 
ments, poorly developed to easily visible on prostrate portions, thicker on the 
lower surface, colorless. Heterocysts few, barrel-shaped, cir. 2.5/t in diameter 
by 3.5/* in length. Resting cells mostly single, always removed from the 
heterocysts, cylindrical, 1.8-2.5/4 in diameter by 10-20/4 in length; membrane 
smooth, contents granular. 



This extremely minute Anabaena can be separated from all other 
species of the genus by its size alone. It is of great interest as one of the 
smallest and most delicate of the heterocysted Myxophyceae. In its habit 
of growth it is reasonably distinct and does not seem close to any of the 
some forty members of the genus. 
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Anabaena Marklei has been named in honor of Dr. Millard S. Maikle, 
Professor of Botany, Earlham College, Richmond, Indiana, who first 
interested the author in the Myxophyceae. 

The plant has been collected regularly in the Norris Geyser Basin in 
the marshy siliceous “marl” flats of Tantalus Creek. The water supply 
of the flats is chiefly thermal and the water is warm and acid. Consider- 
able areas are covered with a sparse growth of grasses and sedges, between 
which mosses grow in considerable profusion. On and among the moss 
plants the Anabaena is common. The only other alga noted in the 
formation was a species of Microspora. The temperature at which the 
Anabaena was found ranged from 38°C. to 22.7°C. The type (no. 109) 
was at 27.5 °C. The acidity in the flat was quite constant, being through- 
out the area in which the plant was noted, pH. 4.9. There are no other 
stations for the plant. 

NOSTOC Vaucher 
Hist. Conf. d’eau douce, p. 203, 1803. 

Colonies of more or less definite form, gelatinous to cartilaginous, with or 
without firm outer colonial membrane, spherical, ovoid, bracket-shaped, disk- 
shaped, foUose, or rarely filiform, never tubular, but either hollow or solid, 
rarely confluent at maturity and indefinite. Trichomes uniform throughout, 
vegetative ceUs all alike. Sheaths often distinct, especially near periphery of 
colony, but mostly more or less confluent and often invisible, outer layers of 
sheaths confluent into a common colonial matrix. Filaments sometimes 
radially arranged in the inner part of the colony, usually without order, often 
interwoven, twisted, and contorted. Heterocysts intercalary or in the hor- 
mogonia terminal. Hormogonia produced from any part of the colony, mostly 
with terminal heterocysts, developing into the colonies by buckling and 
growth of the trichome, the sheath of the hormogonium becoming the mem- 
brane of the colony. Besting cells present in most species (aU?), often in 
rows. Pseudovacuoles present in some species. 

Many of the species of Nostoc are not distinctive and identification is 
apt to be somewhat inexact. Undoubtedly, numeious records are based 
on incorrect determinations. There are no previous records of the genus 
from Yellowstone Park. The numerous species occur in flowing or 
standing water, occasionally planktonic, on moist soil, rocks, etc. ; a few 
are found in brackish water, a few symbiotic in higher plants; thermal 
records are few and strictly thermal species may be absent. N. mus - 
corum Ag. has been reported from European hot springs, in particular 
by G. S. West from an Iceland geyser at 55° 0. ( I) The species is a 
well known non-thermal plant. Wood described N. caidamim from a 
hot spring at Owen’s Talley, California, growing at 44-53 °C. His 
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description is not diagnostic but it seems probable that he had Masti- 
gocladus laminosus Cohn, or one of its varieties. 

In the Yellowstone the genus is well represented in non-thermal sites 
and includes several abundant and important species. A few of these 
encroach to a varying degree upon available semi-thermal habitats. Ap- 
parently no true thermal species occur in the springs. 

Key to the Yellowstone Species. 

I. Colonies without firm outer membrane, more or less formless and soft; 

cells 2.5-3.0 *4 in diameter. N. cntophytum 1. 

II. Colonies with firm outer membrane ; cells 3*4 or greater in diameter. 

1. Surface of colonies smooth ; cells 4 *t or greater in diameter. 

A. Filaments not radially placed; colonies solid. 

a. Sheaths mostly distinct, yellowish, cells 5*4 or more in diameter. 

*. Heterocysts 9-10*4 in diameter; trichomes lightly to moder- 
ately constricted at cross walls. N. macrospoirum 2. 

**. Heterocysts cir. 7 *4 in diameter; trichomes deeply constricted 
at cross walls. N. microscopicum 3. 

b. Sheaths indistinct, confluent; cells 4-5 (mostly cir. 4 *4) in 

diameter. N . sphaerioum 4. 

B. Filaments radially oriented ; colonies hollow. N. parmelioides 5. 

2. Surface of colonies roughened and warty ; cells 3.0-3.5*4 in diameter. 

N . verrucosum 6. 


1. Nostoc entophytum Bomet & Flahault 
R6 y. Nostoch. h6t. 4, p. 190, 1888. 

Colonies microscopically small, bluish-green to yellowish-brown, without firm 
outer membrane. Filaments closely packed. Sheaths narrow, at first color- 
less, later brownish, mostly distinct. Cells short barrel-shaped, 2.5-3.0 *4 in 
diameter. Heterocysts somewhat larger than the vegetative cells. Resting 
cells spherical or somewhat compressed, rarely longer than their diameters, 
5-6*4 in diameter by 5-8*4 in length, with smooth, brown membranes. 

Growing on water plants and in their dead empty cells, mostly in fresh 
but sometimes in brackish water, it has been previously known only 
from Europe. 

In the Yellowstone it has been found a single time in considerable 
quantity on wet rock below a seep in Imperial Geyser Crater (no. 320), 
growing among other algae, at 41° C., and in slightly acid water. The 
associated algae were chiefly Mastigocladus laminosus var. anabaenoides 
Boye Pet., Cylindrospermum stagnate (Kutz.) B. et E., C. marchitum 
Lemm., and Lyngbya subspvroides (of this paper). 
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2. Nostoo macrospobum Henegli. 

Monogr. Nost. ital., p. 116, 1843. 

Colonies spherical, with firm outer membranes, solid, firm, mostly small, up 
to 1 mm. in diameter or rarely more, bluish to brownish green. Filaments at 
first closely packed, at maturity loose. Sheaths mostly distinct, yellowish, 
confluent in older colonies. Cells barrel-shaped, quadrate or disk-shaped, 
lightly to moderately constricted at the cross walls, 8-9/* in diameter, blue- 
green. Heterocysts almost spherical, 9-10/* in diameter. Resting cells rare, 
spherical or somewhat compressed, with thin, smooth membranes. 

The species is very close to N. microscopicum Carm., and is possibly 
only a variety of it. 

This cosmopolitan, terrestrial plant has been noted few* times in the 
United States. It seems to be much more common than the records 
indicate. In the Yellowstone it is quite common in its normal habitats, 
moist earth, rocks, and cliffs. It is especially frequent on dripping rocks. 
It has not been found in thermal water but it does occur in places where 
thermal effects are visible. It was noted in the greatest abundance at 
Eustic Falls on Glen Creek (nos. 152, 153), at 15° C., pH. 8.5. In the 
West Thumb group of springs it was found on wet sinter at 22.7 °C. 

3. Nostoc microscopicum Carm. sec. Harvey 
in Hooker, British Flora 5, p. 399, 1833. 

Thallus spherical or elliptical, less often slightly irregular, usually quite 
small and microscopic, less often up to 1 cm. or rarely more in diameter, 
with a thick firm outer layer, olive-green to brown. Filaments at first some- 
what densely entangled, in older colonies loosely so ; sheaths mostly distinct, 
and yellowish to golden brown. Cells spheroidal, 5-8/* in diameter, pale blue- 
green to olive-green ; deeply constricted at the cross walls. Heterocysts almost 
spherical, 7/* in diameter. Resting cells elliptical, 6-7/* in diameter by 9-15/* 
long, with smooth membranes, olive-colored. 

This well-known and cosmopolitan species has been reported from 
numerous places in the United States, but has not previously been found 
in the Yellowstone. The plant occurs on moist earth, wet rock cliffs, 
among mosses in water or damp situations, and less typically submerged. 

I have found the plant quite frequently in its usual habitats in the 
Yellowstone Park; wet rocks at the Gibbon Falls; seepy rock on Antler 
Peak, Gallatin Mountains ; and on a damp shaded bank of the Gardiner 
Biver. A single collection (no. 449) was growing on a damp sinter cliff 
at the edge of Yellowstone Lake at West Thumb. At this place the tem- 
perature, 20 °C., was greater than normal due to seepage of water from 
nearby thermal springs and, while not in itself warm, the water was of 
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thermal spring origin. It was growing mixed with Phormidium foveo- 
larum (Mont.) Gom. and Calothrix p&rietina Thnret. 

4. Nostoc sphaericum Vaucher 
Hist. Confer, d'eau donee, p. 223, 1803. 

Colonies spherical or at length irregular, solid (very old colonies sometimes 
hollow by disintegration of central filaments) ; mostly 1-15 mm. in diameter but 
sometimes up to several cm. ; olive-green, yellowish brown or violet-brown, with 
firm outer membrane. Filaments tangled, closely packed. Cells short barrel- 
shaped to almost spherical, 4-5/4 (mostly 4/4) in diameter. Sheaths indistinct, 
confluent, often invisible. Heterocysts almost spherical, dr. 6/4 in diameter. 
Resting cells elliptical, dr. 5/4 in diameter by cir. 7/4 in length, with smooth, 
brownish membranes. 

Growing on moist earth, rocks, etc., in standing and slowly flowing 
water on water plants and rocks, and symbiotically with liverworts (. Pellia , 
Blasia, , Anthoceros) } the plant is widely distributed and abundant. It is 
well known in North America, and has been found in Montana (Anderson 
and Kelsey) just north of the Yellowstone. 

In the Park it is quite frequent in non-thermal sites and has been found 
as well in feebly warmed situations. In the Firehole Eiver it occurred 
in water up to 29.8 °C. The water in which it grew was neutral or feebly 
basic, pH. 6.7-8.45. 


5. Nostoc pabmeuoides Ktitzing 
Phycol. gen., p. 206, 1843. 

Colonies attached firmly by a small area; disk-shaped, bracket-shaped, 
tongue-shaped, or rarely almost spherical, usually compressed but sometimes 
swollen, hollow, firm and leathery, with a firm smooth surface, up to 3 cm. in 
diameter. Filaments radiating from the center toward surface, somewhat 
straight and parallel toward center, twisted and entangled near surface. 
Sheaths mostly distinct and yellowish at the surface, mostly confluent and 
colorless within. Cells spheroidal to short barrel-shaped ; 4-4.S/4 in diameter 
by 0.5-1.0 diameter in length. Heterocysts spherical, cir. 6/4 in diameter. 
Besting cells in rows, ovoid, 4-5/4 in diameter by 7-8/4 in length, with smooth, 
yellowish membranes. 

This species is characteristic of rapidly flowing streams and is probably 
cosmopolitan. It has been found in North America, Europe, and Africa. 
It has been noted in localities with an elevation up to 11,000 feet. It is 
frequently found in very cold water in alpine streams. In the United 
States it is well known and widely distributed. Williams and Griffiths 
(1898) found it on rocks in the North Fork of Clear Creek, Big Horn 
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Mountains, Wyoming. It has not been previously reported from the 
Yellowstone. 

In the Yellowstone it is one of the commonest non-thermal Myxophyceae 
and is present in abundance in almost all of the rapidly flowing permanent 
streams. It has been noted in the Yellowstone River, Firehole River, 
Madison River, Panther Creek (no. Y25), Gardiner River, and in sev- 
eral smaller streams. In the majority of sites it was in cold water. How- 
ever, in the Firehole River opposite the Geyser Basins it occurred regularly 
at temperatures several degrees above normal. It was very abundant at 
22.5° C. (no. 433, pH. 8.2), and was present in water as warm as 29.1° C. 
It was not found in any of the spring runoffs, but only in the river proper. 

6. Nostoc verrucosum Vaucher 
Hist, confer, d’eau douce, p. 225, 1803. 

Colonies at first solid, spherical to hemispherical and smoothish, later 
becoming hollow, tom, often more or less confluent, with a wrinkled to warty 
surface, up to 10 cm. in diameter, olive-green, dark brown or greenish black, 
with firm outer membrane. Filaments in the periphery of the colony closely 
packed and contorted, within looser. Sheaths thick, distinct and yellow- 
brown at the surface, colorless and confluent within. Cells short barrel- 
shaped, 3.0-3.5/i in diameter. Heterocysts almost spherical, cir. 6 /i in diam- 
eter. Resting cells elliptical, cir. 5/x in diameter by cir. 7/* in length, with 
smooth, yellowish membranes. 

This cosmopolitan plant has been found in standing and flowing water, 
attached and (later) free-floating, in numerous places in Forth America. 
While it has not been previously noted in the Yellowstone Park, it has been 
found in Montana (Anderson and Kelsey). 

It is very common in non-thermal waters in the Park, and occasional 
in slightly warmed waters. In two sites in the Upper Geyser Basin and 
in one in the Biscuit Basin it occurred at cir. 30.2°C. (highest temperature 
noted 31.2°C.). The alga is distinctly non-thermal and is not well devel- 
oped at above 25 °0. 


OYLINDROSFBRMUM Ktitz 
Phyc. gen., p, 211, 1843. 

Plant mass indefinite, formless, slimy, usually dark blue-green. Triclioines 
uniform throughout their length. Sheaths absent; filaments imbedded in a 
homogeneous, difficulty visible, very soft slimy matrix, straight, flexuous, or 
contorted, never spirally coiled, mostly short; free filaments (“hormogonia”) 
feebly motile. Cells cylindrical, rounded at the ends. Heterocysts mostly 
single, terminal at both ends of the trichomes, or following breakage at a 
single end only. Resting cells single or in a few species in rows, sometimes 
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in twos, adjacent to the heterocysts (subterminal), often at both ends of 
trichomes; much larger than the vegetative cells. Pseudovacuoles absent 
(always ?). 

The species live either in fresh water or on moist soil, etc. A few occur 
in slightly brackish water. No thermal forms have been previously noted. 
The genus has not been previously credited to the Yellowstone. 

In the Park the genus is moderately well represented but is not espe- 
cially important. Two species, C. liclieniforme Kiitz. and 0. mains Kiitz., 
have been noted exclusively in non-thermal situations; two others have 
been found in thermal waters as well. The non-thermal forms are not 
included below. 


Key to the Yellowstone Species. 

I. Besting cells single, with yellowish brown membranes; cells 3.8-4.5^ in 
diameter. C . stagnate 1. 

II. Besting cells in rows, with colorless membranes ; cells cir. 2.7 /4 in diameter. 

C. mar chi turn 2. 


1. Cylindbospeemtjm stagnale (Kiitz.) Born. & Flah. 

Bdv. Nostoch. hdt. 4, p. 250, 1888. 

Stratum extended, floating and flocculent or attached and flocculent to soft- 
gelatinous ; dark blue-green, occasionally brownish. Cells almost quadrate to 
cylindrical, constricted at the cross walls, 3.8-4.5/4 in diameter by 1.2-2.5 
diameters in length, pale blue-green. Heterocysts spheroidal to elongate, 
sometimes somewhat conical with rounded end, 6-7/4 in diameter by up to 16/4 
in length. Besting cells cylindrical with rounded ends, 10-16/4 in diameter 
by 32-40/4 in length, single, with smooth yellowish-brown membranes. 

Cosmopolitan and abundant, and well known in North America, the 
species grows in standing or slowly flowing fresh water, attached to the 
bottom or to water plants, or floating, or on moist soil, rocks, etc. It has 
not been previously noted in the Yellowstone. 

Pound generally in its usual habitats in the Yellowstone, it also invades 
thermal sites to a striking degree. Its greatest abundance was noted in the 
crater of Imperial Geyser, Twin Buttes Region (no. 320). There it grew 
at temperatures up to 44.1 °C., on wet sinter below a seep in the wall of 
the crater. The water from the seep was slightly acid. The plants bore 
spores in considerable abundance in the warmest places it inhabited, and 
the growth was normal and typical. 
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2. Cylindrospermum marchittjm: Lemm. 

Krypt.-FL Mark Brandenb. 3, p. 196, 1910. 

Syn. : Cyltndrospermum catenatum var. marchttum Lemm. 

Stratum bright blue-green. Cells quadrate to cylindrical, constricted at the 
cross walls, dr. 2.7/4 in diameter by 2.7-S.5/4 in length; cell contents blue- 
green. Heterocysts elongate, cir. 2.7/4 in diameter by cir. 5.5/4 in length. 
Resting cells in rows, elongate with rounded ends, often slightly curved, with 
smooth, colorless membranes, 4.5-5.5/t in diameter by 12-16/4 in length. 

Known only from North Germany and Latvia, the presence of this 
species in the Yellowstone is surprising. It has been found growing on 
moist earth in both of its localities. 

It has been noted in the present investigation only in the Twin Buttes 
Region, in seeps in the crater of Imperial Geyser (no. 320). The strata 
grew on moist, warm sinter and earth at 26-41 °C., kept wet with water of 
a slightly acid reaction. Locally the alga was frequent, and in the major- 
ity of the filaments studied spores in catenate series of up to eight were 
found. It was accompanied by C. stagnate (Kiitz.) B. et F., Ohroococcus 
minutus var. thermalis (of this paper), Mastigocladus laminosus var. 
anabaenoides Boye Pet., Nostoc entophyium B. et F., Microspora sp. and 
Cosmarium sp. The growth was more abundant in the lower part of its 
temperature range and apparently it is a facultative transitional form. 

OSCILLATORIACEAE (Gray) Kirckner 
Engler-Prantl, Nat. Pflanzenf. I 1 a, 1900. 

Key to the Yellowstone Genera. 

I. Trichomes without sheaths, or with very thin and scarcely visible sheaths. 

1. Trichomes straight, flexuous, or irregularly coiled. 

Osoiixatoria (p. 140) 

2. Trichomes regularly spirally twisted. 

A. Trichomes with cross walls visible in life. Arthrospira (p. 160) 

B. Trichomes with cross walls visible only with special staining. 

a. Cell wall rigid; locomotion normal. Spirulina (p. 101) 

b. Cell wall flexible; locomotion spirochaete-like. 

Glaucospjra (p. 165) 

II. Trichomes with sheaths present; sheaths of perceptible thickness, visible 

at least in places. 

1. Sheaths containing mostly a single trichome. 

A. Sheaths thin or of moderate thickness, not very thick. 

a. Sheaths slimy, mostly confluent (at least in part). 

*. Filaments united into a simple resupinate stratum; stratum 
plane, hydnoid, wrinkled, or papillate to columnar above, 
unspecialized below. Phormidium (p. 166) 
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**. F ilam ents united into a complex laterally attached stratum; 
plane to wrinkled above, fimbriate below. 

Cyanohydntjm (p. 199) 
b. Sheaths firm, not confluent or feebly so (stratum often gelat- 
inous) . 

*. Filaments prostrate below, united into erect hydnoid fascicles 
or tufts above ; often with feebly confluent sheaths. 

Symploca (p. 195) 

**. Filaments single or united into a stratum with the filaments 
mostly similarly placed throughout, without well-developed 
fascicles. 

!. Filaments single or united into tufts, or into a pilose, 
fibrous or tufted stratum. Lyngbya (p. 189) 

!!. Filaments always united into a membraneous stratum, 
closely packed, interwoven. Schizothbix (p. 200) 

B. Sheaths very thick, inner layers firm and mostly golden-brown, outer 
soft and irregular and colorless. Polychlamydum (p. 194) 

2. Sheaths containing mostly a few to many trichomes. 

A. Sheaths firm, not at all or feebly slimy. 

a. Trichomes close together in the sheath. Schizotiirix (p. 200) 

b. Trichomes distinctly separated in the sheath. 

Dasygloea (p. 205) 

B. Sheaths slimy, soft. Microcoleus (p. 206) 

OSCILLATORIA Vaucher 
Hist Confer, d’eau douce, p. 165, 1803. 

Incl.: Trichodesmium Ehrenberg. 

Filaments naked or rarely with delicate, fugitive sheaths, single or united 
into free-floating flocculae, or forming indefinite masses or strata. Trichomes 
mostly motile, with a rotatory creeping motion. Trichome apices simple or 
modified. Hormogonia produced by fragmentation of the trichomes, often 
brought about by death of unspecialized cells (the biconcave refringent cells). 
Pseudovacuoles often present; sulphur granules present in a few species. 
Color of protoplasts variable, blue-green, olive-green, reddish, steel-tyuo, yellow- 
ish, and almost colorless. Resting cells unknown. 

The numerous species of this very large genus are found in most habitats 
in which the Myxophyceae occur. The genus is best represented in sub- 
merged and very wet situations. The various species are found in fresh, 
brackish, salt, acid, sulphide-containing, and hot waters. The taxonomy 
of the group is difficult and in part artificial. 

Several species regularly occur in thermal springs. The following have 
been reported from warm and hot water in North America: O. princeps 
Yauch., 0. sancta Kiitz., 0 . tenuis Kiitz., 0. amphibia A g., 0. acuminata 
Gom., 0. Cortiana Menesffi., 0 . numidica Gom., 0. Boryana (Ag.) Bory, 
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0 . geminata Menegh., and 0 . Ulrichii Pr&t. Of these 0. princeps , 0. gem - 

0. amphibia , and 0. Ulrichii have been noted in the Yellowstone 
(Weed, 1897, Tilden, 1910, Prat, 1929). Other thermal species include 
0. proboscidea Gom. and its var. Westii Porti, 0. anguim (Bory) Gom., 
0. chalybea Mert., 0. terebriformis Ag., 0. animalis A g., 0. Ofceni Ag., 
0. forniosa Bory, 0. ornata Kiitz., 0. subbrevis Schmidle, (9. jasorvensis 
Voufe, 0 . ang'wstissima W. & G. S. West, and 0. splendida Grev. and its 
var. Fullebomii Schmidle. 

In the present study twenty-nine species and varieties have been en- 
countered, making Oscillatoria the largest genus of Yellowstone Myxo- 
phyceae. The species occur in water up to 85.2 °C. (0. filiformis of this 
paper), and are best represented in feebly acid, neutral, and basic waters. 
In strongly acid water the genus is unimportant. In general the species, 
while abundant in the great majority of the springs, are more or less inci- 
dental, and the genus is secondary in importance to Phormidium . It may 
be compared to Synechococcus in its place in the springs. The several 
species are so varied ecologically that it is difficult to draw any general 
conclusions concerning their distribution. While some of the species 
are strictly thermal, and one is limital, the majority are apparently 
either transitional or facultative in their temperature relationships. It is 
notable that a large proportion of the Yellowstone species are world-wide 
in distribution, or are at least known from other continents. This is in 
sharp contrast to such other genera as Calothrix and Synechococctis , both 
of which include a large proportion of apparently endemic species. 

Key to the Yellowstone Species. 

I, Cells short, not more than one third diameter in length. 

1. Trichomes not constricted at the cross walls. 

A. Trichome apices straight. 0. limosa 1. 

B. Trichome apices curved or bent. 

a. Trichomes 6-8/a in diameter. 0. anguina 2. 

b. Trichomes 16/a or greater in diameter. 

*. Cells with normal pigmentation. 

!. Trichomes 29-42/a in diameter. 0. princeps 3. 

! !. Trichomes 16-21/a in diameter. 0. princeps var. tcnclla 3 A. 

**. Cells very pale, almost colorless. 0. princeps var. pallida 3B. 

2. Trichomes contricted at the cross walls. O. sancta 4. 

II. Cells of moderate length, one third diameter or greater. 

1. Cells with pseudovacuoles. 0. lacastrls 5. 

2. Cells without pseudovacuoles. 

A. Trichome apices straight, 

a. Trichome apices neither capitate nor calyptrate. 

*. Trichome 1.4/a or greater in diameter. 
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!. Trichomes not constricted at the cross walls. 

J. End-cell rounded. 0. amphibia 7. 

##. End-cell pointed. 0. amphibia var. Acus 7A. 

! !. Trieliomes constricted at the cross walls. 

#. Cells as long as or longer than their diameters, 
x, Trichomes 1.7-4/* in diameter ; cross walls thick. 

$. Trichomes 2.2-4/* in diameter. 

0 . Filaments moderately long, mostly many- 
celled. 0. geminata 23. 

00 . Filaments mostly less than 10-celled. 

0 . geminata var. fragilis 23A. 
$$. Trichomes 1.7-2/* in diameter. 

0. geminata var. tenella 23B. 
tt Trichomes cir. 1.5/* in diameter; cross walls thin. 

0 . limnctica 6 . 


B. 


$#. Cells one diameter or less in length. 

x. Trichomes 3.44.2/t in diameter; filaments short 
and few-celled; deeply constricted at the cross 
walls. 0. Jovis 24. 

xx. Trichomes 4-10/* in diameter; filaments many- 
celled ; lightly constricted at the cross walls. 

$. Stratum thin, olive to blue-green. 

0 . tenuis 10 . 

$$. Stratum thick, dark olive to blackish. 

O. nigra 11 . 

**. Trichomes 0.7 /< or less in diameter. 

!. Trichomes 0.6/* in diameter; cells cir. two diameters in 
length; stratum blue-green. 0 . angu/tffssima 8 . 

! !. Trichomes 04-0.5 /* in diameter ; cells cir. three diameters 
in length; stratum tannish. 0 . fillfot'mis 9. 

b. Trichome apices capitate and calyptrate. 0. amocna 12. 

Trichome apices curved, bent, or twisted at least slightly. 

a. Trichome apices capitate. 

*. Cells cir. one diameter in length; trichome apices conical. 

!. Filaments not spirally twisted; trichomes lightly con- 
stricted at the cross walls. 0 . amocna 12 . 

I!. Filaments spirally twisted, at least at apical ends; tri- 
chomes not constricted at the cross walls. 

0. beggiatoiforrrus var. maxima 15A. 
**. Cells 2-4 diameters in length; trichome apices rounded, 

0. splendida 13. 

b. Trichome apices not capitate. 

*. Trichomes not constricted at the cross walls. 

!. Trichomes 4-6.5/* in diameter. 0. terebriformis 14. 

!!. Trichomes 2-2.5/* in diameter. 0. L&mmermanni 1 17. 
**. Trichomes constricted at the cross walls, often only slightly. 
!. Filaments spirally twisted at least in apical portions. 

0 . Boryana 16. 
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!!. Trichomes not spirally twisted, often curved at apices, 
often flexuous throughout. 

#. Trichomes not tapering at apices. 

x. Stratum thin, olive to blue-green. O. tenuis 10. 
xx. Stratum thick, dark olive to blackish. 0. nigra 11. 
##. Trichomes tapering at apices. 

x. Trichomes lightly to moderately constricted. 

$. Cells near apices longer than those remote from 
ends. 

0. Cells 1/3-2/3 (up to 1) diameter in length. 

0. Ohem 18. 

00. Cells cir. one diameter in length. 

O. Cortiana 19. 

Cells near apices of same length as those remote 
from ends. 

0. Trichomes 4-6/* in diameter; cells cylin- 
drical. 0 . formo8a 20. 

00. Trichomes 5-8/* in diameter; cells feebly 
swollen. 0. ohalylea var. depmperata 21.A. 
xx. Trichomes very deeply constricted at the cross walls. 

0. UlricMi 22. 


1. Oscillatoria UMOSA Agardh 
Disp. Alg. Suec., p. 85, 1812. 

Stratum dark blue-green to brown, extended, attached at first and later 
free-floating, up to 1 cm. in thickness. Trichomes mostly straight, not con- 
stricted at the cross walls (often feebly constricted in poorly preserved 
material), 11-22/* in diameter (mostly 18-16/*). Cells 1/6-1/ 3 diameter in 
length, 2-5/* long; cross walls usually granulated. Trichome apices straight, 
not at all or feebly tapering, end cells blunt but convex, end membranes 
slightly thickened, apices not capitate. Cell contents blue-green to olive. 

This is one of the most abundant of the numerous species of Oscillaioria. 
It is cosmopolitan and has been recorded from numerous localities in the 
United States, as well as elsewhere. It occurs in standing or slowly flow- 
ing fresh water-, less often in polluted or mildly brackish water, and rarely 
on damp mud, wet rocks, etc. It is frequently found stranded on muddy 
pond and stream edges but does not ordinarily grow there. It is found in 
abundance throughout the year, and is not injured by alternate freezing 
and thawing. 

In the Yellowstone it does not seem to be abundant, possibly because 
there are few bodies of more or less stagnant and slow-flowing water. It 
has been noted in the Gibbon and Firehole rivers in quiet pools, and in a 
few warm springs at low temperatures. The springs in which it was noted 
include: White Elephant Grottoes, Mammoth Hot Springs (24.6° C.) ; 
pools at West Thumb (up to 29.2 °C.) ; and pools in the Lower Geyser 
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B asin (up to 23.5° C.) . The plant is obviously non-thermal and tolerates 
temperatures no higher than encountered in shallow pools in regions with- 
out any thermal influence. 

2. Oscuxatobia anguina (Bory) Gomont 
Monogr. Oscill., p. 214, 1892. 

Stratum dark blue-green, slimy-membranous, blue-black when dried. Tri- 
cliomes straight, at apices spirally twisted and gradually and distinctly taper- 
ing, not constricted at the cross walls, frequently with swollen, biconcave re- 
fringent cells, 6-8/a in diameter. Trichome apices capitate, rounded or obtusely 
flattened, end walls sometimes slightly thickened. Cells 1/6-1/3 diameter in 
length, 1 ,5-2.5/a long, cross walls sometimes granulated ; cell contents blue-green. 

Known from several localities in the United States, and from Europe, 
Africa, Java, Iceland, and elsewhere; it occurs in quiet waters, polluted 
water, on moist mud, and in warm springs. In North America it has 
been reported from non-thermal sites only. 

Previously unknown but apparently quite frequent in the Yellowstone, 
it is found chiefly in non-thermal waters. It has been noted in slowly 
flowing portions of the Pirehole River, and in seven springs in the Upper 
and Lower Geyser Basins. Its temperature range, as observed, was from 
14 to 36.8 °C. ; it was found only in basic waters, pH. 8.2-8.85. 

3. Oscillatobxa PBINCEPS Vaucher 
Hist. Conferves d’eau douce, p. 190, 1803. 

Plant mass dark blue-green to bluish-black, slimy. Trichomes mostly straight, 
rigid, not constricted at the cross walls, 29-42/a in diameter, pale or bright 
blue-green to olive-green. Apices slightly narrowed, feebly curved, subtrun- 
cate. Cells 1/11-1/4 diameter in length (3.5-7/a) ; traverse walls not gran- 
ulated, end cell somewhat capitate, with an unthickened or slightly thick- 
ened wall. Cell contents finely granular or occasionally with prominent 
granules. 

Oscillatoria princeps Vaucher, as described in the literature, is an 
extremely variable species, particularly so in size. It is usually listed as 
varying from 16-60/a in diameter. Single collections of the plant show, 
in general, only a moderate size range. It is probable that the “species” is 
a “species complex” or a plexus of closely allied but more or less distinct 
varieties. Geitler (1925) states that: “Die Art umfasst zweifellos mehere 
gute Arten, die durch ihre Grosse (und wahrscheinlich auch andere 
Merkmale) voneinander verschieden sind.” I am restricting the name 
0. princeps Vaucher to the form that varies from 29 to 42/a in diameter, 
and that is found in quiet flowing or standing water, either floating or 
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on the bottom. The species, in this restricted sense, is cosmopolitan and 
quite common — probably more abundant than any of its varieties. In the 
Yellowstone I have found 0 . prmceps only in non-thermal waters. It 
was found in a small pond near the Mammoth Hot Springs in 1928, and 
in the Firehole Eiver in a shallow, sluggish portion, near the Lower Geyser 
Basin, in 1931. Tilden (1898) records 0 . princeps from thermal springs 
in the Yellowstone. Specimens distributed by her fall in the variety 
tenella described below. 

3 A. Osoxllatobia princeps Vaucher 
var. tenella var. nov. 

Plant mass blue-black. Trichomes 16-21/x- in diameter. Cells ranging from 
1.2 to 2.4/4 in length, bright blue-green to olive-green. Hormogonia numerous, 
20-40/* in length. Otherwise as in the species. 

The variety tenella is the common Yellowstone thermal form of 0. 
princeps . Tilden (1898) records it (as 0. princeps Yaucher) from the 
Lower and Upper Geyser Basins in unnamed but well-described and 
accurately located springs. She found it at temperatures ranging from 
38 to 42°C., and somewhere between 19° and 58°C. ( ?). I have found 
it in the Upper and Lower Basins ; in the Twin Buttes Region, and in 
the Roaring Mountain and Meadow Springs Region. The type (no. 187) 
is from one of the Meadow Springs (cir. one-quarter mile north of Semi- 
centennial Geyser), at a temperature of 48 °C. and pH. 6.65. In this site 
it almost filled a small pond with a blue-green slimy stratum, and nearby 
it was found in several other springs and spring rills. In other sites it 
occurred at temperatures from 31°C. to 56°C. and at acidities ranging 
from pH. 6.5 to 8.3. 

3B. Osoillatoexa princeps Yaucher 
var. pallida, var. nov. 

Filaments scattered among other algae. Trichomes flexible, 18-30/* in 
diameter, pale gray to pale olivaceous, very long. Hormogonia few and long, 
over 100/* in length. Cells 3-7/* in length, cell contents with a few con- 
spicuous granules. Otherwise as in the species. 

This variety overlaps the size range of 0. princeps forma temblor 
Rabenh. but is quite distinct in color and presents a greater variation in 
size. (Rabenhorst gave a brief and rather non-critical description that 
did not clearly define his form.) The very pale color and deficient supply 
of chlorophyll at first suggested that the specimens were abnormal and 
diseased. This is improbable. The pallid filaments did not occur with 
0. princeps or its var. tenella , but were in distribution totally distinct. 
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The filaments were actively motile and strikingly flexible, these characters 
being much more pronounced than in the forms with normal pigmenta- 
tion. Isolated filaments were kept in tubes for several days and not 
only remained alive but grew in length. The pallid characteristic was 
constant in all localities where the plant was found. The physiology of 
this variety should be of considerable interest; it is possible that it is 
sapropeltic. 

The plant is not common. The most abundant collection (type : no. 
443) was from the Firehole River, "Upper Geyser Basin, at the point of 
entrance of a hot spring overflow, growing at 32.2°C. and pH. 8.8. The 
plant was found in four other sites in the same vicinity in basic waters 
(pH. 8.4-9.0) and at moderate temperatures (26-34°C.). 

4 OSCILLATQBIA SANCTA KtltZ. 

Tab. Phyc., 1, p. 30, 1845-1849. 

Plant mass thin, blue-black, shining, slimy-gelatinous. Trichomes long, 
straight, flexuous or lightly contorted, 10-20/a in diameter, distinctly con- 
stricted at the cross walls, apices slightly tapering, straight Cells 1/3-1 /6 
diameters in length, 2.5-6/a long; cross walls with numerous granules; cell 
contents olive-green to dull blue-green. End cell flattened-hemispherieal, 
feebly capitate, with a thickened wall. 

Occurring commonly in standing water, floating or benthonic, occasion- 
ally in flowing water and on damp woodwork, rocks, etc., 0. sancta is 
known from almost all over the earth. In the United States it has been 
reported from Hew York to California. (It is possible that most of the 
records of 0. sancta from emersed situations should be referred to the 
varieties caldariorum (Hauck) Lager, and aequinoctialis Gom.). Har- 
rison reported the species from a warm spring at Lebanon Springs, New 
York. It is not frequent in thermal situations. 

In the Yellowstone I have found 0 . sancta in non-thermal pools quite 
frequently. In the Firehole River at the Upper Geyser Basin (no. 432) 
it occurs in water warmed to 22.5 °C. by hot spring overflows. At this 
place the water has a pH. of 8.2. I regard the species as a non-thermal 
type, invading very slightly the edges of certain thermal situations. The 
trichomes of the Yellowstone material vary from 10-1 in diameter. 

5. Oscuxatobxa. lacustris (Kleb.) Geitler 
in Pascher, Die Siisswasserflora 12, Cyanopbyceae, p. 362, 1925. 

Syn.: TricTiodesmium lacustre Kleb. 

Trichomes straight or sometimes slightly curved, united into fiocculent, 
dust-like free-floating bundles. Cells short barrel-shaped, 5-7p, in diameter 
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by 3-7/* in length, with numerous pseudovacuoles. Apices straight, not taper- 
ing. End cell frequently elongate, subcylindric, tapering slightly, with a 
rounded apex. 

0. lacustris is a typical planktonic “Trichodesmmm.” It does not 
have the capitate apices characteristic of many of them but the flocculae 
into which the pseudovacuole-filled trichomes are united are quite char- 
acteristic. Typical 0 . lacustris has not been previously reported from 
North America. Smith found, in a lake in Wisconsin, a form of 0 . 
lacustris with the end cells not elongate, but otherwise quite typical. 

In the Yellowstone 0. lacustris is not common. I have found it as a 
plankton component in the Firehole River at the Upper Geyser Basin 
(no. 432), in water at from 22.5° C. to 26° C., with a pH. of 8.2. This 
temperature is below that frequently found in the surface waters of non- 
thermal lakes and ponds. The species, although in water clearly modified 
by the nearly thermal springs, is non-thermal in its essential relationships. 

6. Oscillatoria limnetic a Lemmermann 
Ber. deutsch. Bot. Ges., p. 310, 1900. 

Trichomes straight or almost so, distinctly constricted at the cross waUs, 
pale blue-green, cir. 1.5./* in diameter. Cells 2.5-8.0 diameters in length, 4-12/z 
long. End cells rounded, apices unspecialized. 

Occurring widely in the surface waters of pools and lakes, often in 
polluted water, and among other algae, it has up to now been known 
neither from the United States nor from thermal habitats. It is un- 
doubtedly present throughout central United States, and is not so un- 
usual as the former lack of published records indicates. The author has 
found the plant in Crescent Lake, Richmond, Indiana, and in a pond 
near Ravenna, Nebraska. 

In the Yellowstone it has been noted only in Soda Spring, Mammoth 
Hot Springs (no. 127). In this peculiar spring (with a high mineral 
content) it grew at 30-31° C., pH. 6.5, along with Chroococcus turgidus 
(Kiitz.) Naeg. var. thermalis (Kiitz.) Rab., Oscillatoria angustissma 
W. & G. S. West, 0 . geminata Menegh., 0. amphibia Ag., and Beggiatoa 
mimma Warming. The alga gave little evidence of being truly thermal. 

7. Oscillatoria amphibia Agardh 
Flora 10, pt. 2, p. 632, 1827. 

Plant mass clear blue-green. Trichomes straight or flexuous to twisted, not 
constricted at the cross walls, 2-3/* in diameter ; cell contents pale blue-green. 
Cells 2-3 diameters in length, 4-9^, long, cross walls usually with a prominent 
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granule on each side, apices unspeciallzed, neither capitate nor calyptrate, 
not tapering, end cell rounded. 

Cosmopolitan in standing water, in brackish, polluted, and warm waters, 
and on moist earth in greenhouses, it is widely distributed in North 
America. Wolle (1877) reported it (locality unmentioned) from wet wood 
subjected to factory waste at cir. 100° F. (37.8° C.), and Tilden (1898) 
recorded its presence in the Yellowstone Park, Upper Geyser Basin, in 
the cha nnel of a spring above Beehive Geyser (temperature?). It is 
interesting that the species was originally found by Agardh at Carlsbad, 
Bohemia, in thermal waters at 36^4° B. 

In the Park 0. amphibia is widely distributed but apparently rare. 
It has been noted in the Mammoth Hot Springs : White Elephant Grottoes 
(no. 90), at 49° C., Jupiter Terrace (nos. Y2, Y9) ; Meadow Springs: 
small pool (no. 187) ; Upper Geyser Basin: Bijou Geyser (no. 439), at 
36.8° C., pH. 8.95, seep on bank of Firehole River near Midway Basin, 
at 41° C., pH. 8.4; and in the Lower Geyser Basin: seep near Great 
Fountain Geyser, at 27° C., pH. 8.35. It gives no evidence of enduring 
high temperatures and may be considered as a transitional form. 

7 A. Osoiulatobia amphibia Agardh 
var. Acus, var. nov. 

Plant mass brilliant blue-green; trichomes bright blue-green, 2.3-3.0/a in 
diameter, straight or flexuous, not constricted at the cross walls. Cells 2-3 
times as long as broad, and mostly with two granules at the inconspicuous 
cross walls. End cell without calyptra, obtusely pointed at apex. 

The variety Aow differs from 0. amphibia Agardh chiefly by having 
pointed rather than rounded apices. 

Its range in the Yellowstone is quite distinct from that of the species. 
0. amphibia var. Acus favors the basic siliceous waters of the Geyser 
Basins while the 0. amphibia was found most abundantly at Mammoth. 
The type (no. 441) was collected in the Firehole River at the point of 
entrance of Bijou Geyser overflow and a small hot spring. At this site 
the temperature was 55.8° C. and the pH. was 8.85. It has been found 
in several springs in the Upper, Midway, and Lower Geyser Basins at 
temperatures from 37.3° C. to 61.7° 0., always in basic waters, pll. 
8.2-9.05. 

8. OSCELLATORIA ANQUSTISSIMA W. & G. S. We&t 
Jour. Bot. 35, p. 300, 1897. 

Stratum extended, blue-green. Trichomes 0.6/a in diameter, long, flexuous 
and tangled, not constricted at the cross walls, clear blue-green, apices not 
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tapering, apical cell rounded, neither capitate nor calyptrate. Cells 1 . 3-2.4 
diameters in length, 0.8-1.5/i long, cross walls indistinct. 

Known from standing water, sulphur springs, and warm springs in 
Europe, South Africa, and North America, this plant has probably often 
been overlooked because of its small size. In the United States it has 



Fig 55. — Osoillatoria amphU 
bw var. Acu8 (X1540). 


been noted in non-thermal waters in Iowa (Buchanan, 1908) and Mis- 
souri (Drouet, 1932). 

In the Yellowstone it is common but rarely abundant in the Mam- 
moth Hot Springs and is infrequent elsewhere. It has been found at 
Mammoth in Angel Terrace, Jupiter Terrace, Diana Terrace, Hymen 
Terrace, White Elephant Grottoes (nos. 97, 98, 100, 101), Orange Spring 
Mound, and Narrow Gauge Terrace; in the Chocolate Pots (Gibbon 
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River valley) (no. 274) ; in the Upper Geyser Basin: unnamed spring; 
and in the Meadow Springs: a small pool (no. 187). Its observed tem- 
perature range is 31-57.3° C., its pH. range 6.0-7.3. 

0. Oscillatoria flliformis, sp. nov. 

Plant mass salmon-brown to tannisb. Trichomes long, flexuous, entangled, 
0.4-0.5/i in diameter, not constricted at the cross waUs, pale dull blue-green, 
apices not tapering. Cells cir. 3 diameters in length, 1.0~1.6p long, cross 
walls mostly visible, end cells neither capitate nor calyptrate. 

This extremely minute Oscillatoria is close to 0. angustissima W. & 
G. S. West. It is separated from it by its more slender trichomes, 
longer cells, and brownish stratum. 

The type (no. 327) is from the Twin Buttes Region, Imperial Geyser 
o\erflow, at 60° C., and pH. 8.85. It has been noted in several springs 
in some abundance and is apparently quite common in the Lower and 
Upper Geyser Basins. Its observed range includes the Artist’s Paint 
Pots: small pool (no. 297), at 85° C.; Meadow Springs: small spring 
(no. 180), at 85.2° C., pH. 7.4; Twin Buttes Region: Spray Geyser 
(no. Y80), Imperial Geyser Crater (nos. 322, 326), at 64° C. and 
69.4° C., pH. 8.8, Imperial Geyser overflow (nos. 325, 327), at 60° C. 
and 65° C., pH. 8.85 and 8.8. In general it grows on and among other 
Myxophyceae or at the higher temperatures alone. It is one of the most 
typical limital species of the basic springs. The temperature of 85.2° C. 
which it tolerates may be a fraction of a degree above the limit for 
growth. In the Meadow Spring it was not possible to check the con- 
stancy of the temperature for a satisfactory time. In the Artist’s Paint 
Pot spring it was growing at 85° C. Only a single other species, Phor - 
midium bijaJiensis (of this paper), was found that endured the tem- 
perature of 85° C. That species was found growing in water that did 
not fall below 85.2° C. The species, from all evidence at hand, is re- 
stricted to strictly thermal waters. 

10. Oscillatobia tenuis Agardh 
Algarum Decades 2, p. 25, 1813. 

Plant mass thin, slimy, bright blue-green to olive-green. Trichomes straight, 
fragile, lightly constricted at the cross walls, 4-10^ in diameter, cell contents 
pale blue-green ; trichomes not tapering at the apices, but often curved. Cells 
2.o-5m long, mostly granulated at the cross walls ; end cells more or less hemi- 
spherical, broadly rounded, not capitate but with a lightly thickened end wall. 
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Cosmopolitan in standing water, attached or floating, less often in 
polluted and warm water, it has been reported from numerous localities 
in North America, ranging from Greenland and the Arctic to the West 
Indies. Tilden (1898) reported it from “a small mountain spring in 
a bog, together with moss and water cress,” Lower Geyser Basin, Yellow- 
stone Part. Since water cress is absent in even warm springs, she must 
have found the plant in cool water. There are no previous thermal 
records for it in this hemisphere. 

In this investigation it has been found a single time in thermal 
waters, and several times in non-thermal situations. The spring in 
which it was noted was m the Bijah group about 20 feet south of Bijah 
Spring (no. 120), at 27° C., pH. 6.0. 

11. O scillatoei a NIGRA Vaucher 
Hist. Conferves d'eau douce, p. 192, 1803. 

Plant mass membranaceous, often floating, dark olive-green to lead-colored, 
glistening. Triohomes straight or feebly flexuous, 6.0 to IOm in diameter, 
lightly constricted at the cross walls; apices not tapering but with obtusely 
conical end cells. Cells. 0.4-1. 0 diameter in length, cross walls granulated; 
cell contents finely granular, pale olivaceous; end cells neither capitate nor 
calyptrate (often “bearded” with epiphytic bacteria). 

Known from standing and slowly flowing water and wet rocks, O. 
nigra has been reported from Europe and North America. It has not 
been credited to thermal habitats, and has not been previously reported 
from the Yellowstone. 

It has been found, in the Park, only in Ochre Springs (no. 62), at 
36° C., pH. 6.0. Ochre Springs is a small boggy, alga-choked, tepid 
spring group on the slope of Elephant Back Mountain, overlooking the 
Yellowstone Biver, a few miles south of Yellowstone Lake. 

12. OSCILLATORIA AMOENA Gomont 
Monogr. Oscill., p. 225, 1892. 

Stratum dark bluish-green. Trichomes straight, feebly flexuous, very 
slightly constricted at the cross walls, 2.5-5 m in diameter, gradually tapering 
toward the often undulate apices, dark blue-green. CeEs 2.5-4.2/a long, almost 
isodiametrlc, cross walls granulated; end colls somewhat longer than the 
trichome cells, both capitate and calyptrate, with broadly conical apices. 

Growing in standing warm and cool waters on water plants, stones, 
etc., it is known from North America, Europe, and Africa. In the 
United States it has been reported from Massachusetts (Collins, 1896), 
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Connecticut (Hylander, 1928), and Missouri (Drouet, 1932). Saunders 
(1901) recorded it from Sitka, Alaska, where it grew in the channel 
of a hot spring overflow at 80-120° F. (26.8-48.9° C.). 

In the Park it is common in cool water : Gardiner River at Five Mile 
Bridge (no. 195), at 10.5° C.; Rustic Falls on Glen Creek (nos. 152, 
154), at 15° C., pH. 8.5; and elsewhere. In some streams warmed by 
thermal waters it is frequent but it has not been observed in warm 
water. The site in which it was found at the highest temperature was 
in the Firehole River above the rapids (no. 337), at 17.8° C., pH. 7.2. 

13. Obcuxatoria spiendida Greville 
Flora Edinensis, p. 305, 1824. 

Plant mass thin and tenuous or thicker and membranous; brilliant blue- 
green to olive-green. Trichomes straight to flexuous, not constricted at the 
cross walls, gradually tapering toward the apex, 2r-3/* in diameter. Apices 
more or less twisted or bent, tapering, capitate, with a swollen almost globose 
apex, without calyptra. Cells 2-4 diameters in length, 3-9/* long, usually 
granulated at the cross walls; cell contents blue-green. 

Occurring in standing fresh, brackish, and polluted waters, and in 
warm springs, it is cosmopolitan and common. In the United States 
it is very well known. 

Although not previously reported, it might well have been expected in 
the Park. It has been found in the cooler waters of several springs at 
temperatures up to 31.4° C. In general it is more abundant in neutral 
to basic waters (pH. 6.6-8.5), and is commoner in cool waters It was 
noted in the greatest abundance in Lily Pad Lake (non-thermal), at 
19.5° C., pH. 7.55 (no. 171). 

14. OSCILLATORIA TEREBRIFORMIS Agardh 
Flora 10, p. 634, 1827. 

Plant mass dark lead-colored. Trichomes 4-6.5/* in diameter, flexuous, 
loosely spiraled and terebriform above, gradually and slightly tapering to- 
ward the apex, not constricted at the cross walls. CeUs 0.5-1.0 diameter in 
length, 2.6-6.0 /* long. End cell rounded or almost truncate, neither capitate 
nor calyptrate ; cross walls often granulated. 

Known from hot and sulphur springs in many localities in Europe 
and Africa, and from standing cool water and wet rocks in diverse 
regions, this species is probably cosmopolitan. In the United States it 
is known only from Massachusetts (Collins, 1896) and Connecticut 
(Hylander, 1928). 
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In the Yellowstone it is widely distributed but probably rare. It has 
been found in three sites only. These include Mammoth Hot Springs : 
Jupiter Terrace overflow (no. Y2) at 28° C., pH. 7.8; Twin Buttes 
Region: Fairy Creek at source (no. 413), at 42°C., pH. 8.1; and Upper 
Geyser Basin: seep on bank of Firehole River opposite Geyser Hill, at 
32° C., pH. 8.05. 

15A. Osoiixatobia beggiatoiformis (Grun.) Gom. 
var. maxima, var. nov. 

Filaments free among other algae. Trichomes very pale bine-green to 
dull olive-green, very long, mostly straight to fiexuous, often loosely spirally 
twisted, especially toward the apices, not constricted at the cross walls, 6-9 /* 
in diameter, distinctly and gradually tapering at the apices. Cells quadrate 
or slightly shorter or slightly longer than their diameters, 5-11/* in length; 
distinctly granulated at the cross walls. End cell capitate, with an obtusely 
conical, bluntly pointed calyptra. 

0. beggiatoiformis maxima can be characterized as a solitary, over- 
sized strain of 0. beggiatoiformis (Grun.) Gom. The cells are propor- 
tionally more variable in size, considerably larger, and the trichomes 
are less torulose, taper to a less narrow tip and are broader than in 
the species. The whitish, lime-encrusted stratum of 0. beggiatoiformis 
is sharply lacking in var. maxima. 

This plant has been found in the Firehole River in places where the 
water is warmed slightly by hot springs. The type (no. 432) is from 
the Upper Geyser Basin opposite the Biscuit Basin, growing at 22.5° C. 
and pH. 8.2. Apparently the variety is rare and local in the Yellow- 
stone. It is probably a non-thermal type, but seems to be favored by 
water in the low twenties. 

16. Osoiixatobia Boryana (Ag.) Bory 
Diet, class, d’hist. nat. 12, p. 465, 1827. 

Plant mass dark lead-colored. Trichomes loosely and regularly spirally 
twisted throughout their length or only toward tlio apex, fiexuous, very lightly 
constricted at the often lightly granulated cross walls, G-8 n in diameter. 
Apices more or less pointed with end cells narrowly rounded to pointed, 
neither capitate nor calyptra te. Cells 0.5-1.0 diameter in length, 3-7/* long, 
with usually granular contents. 

Growing in hot springs in North America, Europe, and Africa, it 
has not been previously reported from the United States. Kellerman 
(Tilden, 1908) collected it in a warm stream in Guatemala, where it 
formed a dark velvety stratum. 
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Fig. 56. — OsoiUa - 
toria beggiatoi- 
formis var. max- 
ima (X530). 


In the Yellowstone it is apparently rare. It has been found only at 
the Mammoth Hot Springs: White Elephant Grottoes (nos. 96, 99), in 
abundance at 38-23.5 °C., growing on wet travertine; and in Jupiter 
Terrace runoff (no. OS40), at 30° C., pH. 7.7. 
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17. OscnXATQBIA Lemmebmannii Wolosz. 

Bun. Ac. Sc. Cracovie, S. B., p. 687, 1912. 

Plant mass blue-green, slimy, often occurring as single filaments. Trichomes 
pale blue-green, straight or somewhat contorted, not constricted at the cross 
walls, 2.0 l. 2.5/4 in diameter, apices curved and distinctly tapering. Cells 
2-3 diameters in length, 4*-6/a long; cell contents homogeneous; cross walls 
finely granulated. End cell tapering and curved with a rounded unthickened 
end wall. 

The only previous record for 0 . LemmermannU is from lakes in Java, 
where it occurs as a plankton component (and possibly otherwise?). 

Its occurrence in the Yellowstone, while unexpected, is not surprising. 
It was found in floating masses of algae in a quiet pool at the edge of 
the Firehole Kiver, Upper Geyser Basin, in tepid water. The tem- 
perature range in which it was growing was cir. 27-34° C. At this site 
(no. 433, 32.2° C.) the water was quite basic, having a pH. of 8.8. 
Shallow, exposed, tropical lakes and ponds often reach a temperature 
as high as 25-30° C., so the conditions under which it was growing in 
Java need not be considered as totally different. 


18. Osoillatobia Okeni Agardh 
Flora 10, p. 633, 1827. 

Plant mass dark blue-green. Trichomes straight, distinctly constricted at 
the cross walls, 5.5-9.0 /j in diameter, graduaUy tapering toward the curved or 
somewhat hooked! apex. Cells 0.3-0.6 diameter in length, 2.7-4.5/t long, with 
finely granular blue-green contents; cells near apex up to 8/* long; end cell 
rounded or almost pointed, neither capitate nor calyptrate. 

Occurring in hot springs, cool standing water, warm salt water, sulphur 
springs, and brackish water, in North America, Europe, and Africa, 
0. OTceni is quite tolerant of variable conditions. It is probably cos- 
mopolitan. Setchell and Gardner (1903) recorded it from brackish 
water in Washington. It is not well known in the United States. 

Apparently rare in the Park, it has been noted only in the Stygian 
Caves, Mammoth Hot Springs (no. 150), at 15° C., pH. 7.7. 

19. Osoillatobia. Cobtiana (Poll.) Menegh. 

Consp. Alg. Eugan., p. 8, 1937. 


Plant mass dark and often dull blue-green. Trichomes straight, fragile, 
slightly but distinctly constricted at the cross walls, graduaUy tapering toward 
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the curved and undulant apex, 5.5-8.0 /a in diameter. Cells cir. 1 diameter in 
length, 5.4-8.2/u long; cell contents usually granular; cross walls not granu- 
lated; cells near apex elongate, up to 14 fi in length; end cell blunt conical, 
rounded, neither capitate nor calyptrate. 

Found in both cool and warm waters, it is widely distributed. In the 
United States it has been reported only from Pennsylvania (Wolle, 
1877), floating on hot water from a factory. 

It has been encountered in a single spring in the Park : Soda Spring, 
Mammoth Hot Springs region (no. 126), at 42° 0., pH. 6.1. In this 
saline and atypic spring, 0 . Gortiana was present in large quantity. 

20. Oscii/latqria Formosa Bory 
Diet. Class. d’Hist. 12, p. 474, 1827. 

Plant mass dark blue-green. Trichomes 4-6 /a in diameter, straight to flex- 
uous, usually slightly constricted at the cross walls, apex slightly tapering 
and bent, end cell blunt-conical, acutely rounded, not capitate, without calyptra. 
Cells from one-half their diameter in length up to almost one diameter, 
2.5-5.7/a long, cross walls often finely granulated, cell content bright blue- 
green. 

0. formosa is a widely distributed species. It occurs not only over a 
wide area but includes many diverse habitats: standing water, pools, 
lakes, etc., brackish water, sewage-contaminated water, moist cliffs, 
sulphur springs, and thermal springs. It is known from North America, 
South America, Europe, Asia, and Africa, as well as several islands not 
belonging to any of the continental groups. In North America it has 
been found up to now only in non-thermal sources. These include the 
usual, variable assortment: still water, sewage-polluted streams, and 
brackish water. 

In the Yellowstone I have found 0 . formosa as a regular component 
of the flora of certain springs. It is particularly prevalent in the cooler 
waters of shaded springs or rills in the Mammoth group. Its greatest 
abundance was noted in a pool in deep shade in the White Elephant 
Grottoes (no. 100) at a temperature of 33° C. and pH. 7.5. It was found 
in the overflow rills from the following springs: Jupiter Terrace and 
Blue Pools (near Mammoth Swimming Pool) (no. OS22), Cleopatra 
Terrace, and Main Terrace. It occurred in the spring pools of several 
small springs and seeps : in the Stygian Caves, White Elephant Grottoes, 
and in some exposed but small springs. Its range in temperature seems 
to be from about 40° C. down to strictly non-thermal conditions; its 
pH. tolerance is apparently wider than its Yellowstone distribution 
(pH. 6.4-7.8) indicates. 
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21A. O s cilla-tobia chalybea Mertens 
var. depauperata, var. nov. 

Plant mass bright blue-green, flocculent. Trichomes 5-8/* in diameter, 
long, straight to curved or irregularly and loosely spiraled, lightly constricted 
at the cross walls, very feebly narrowed toward the slightly bent tips, with 
blue-green cell contents. Cells 0.3-0.6 diameter in length, 1.7-4.0/a long; cross 
walls feebly or not granulated; end cells broadly rounded, up to 7/t long, 
neither capitate nor calyptrate. 

Differing from 0 . chdlybe a chiefly in its smaller size, this variety is 
quite close to the species. 

It has been found only in the Mammoth Hot Springs : Stygian Caves 
(type: no. 145), at 14° C., pH. 8.1, and in a runoff ditch below the 
spring terraces (no. Y2), at cir. 35° C. The plant is not common, and 
in a single collection only was in good quantity. 

22. Osciixatobia TJurichii Prat 
Stud, biolith., Nfi,k. Ceskd Ak., p. 97, 1929. 

Plant mass indurated with lime, pale blue-green, dull olive-green to whitish ; 
in culture (Prat) yellowish green to brownish. Trichomes straight to flexu- 
ously contorted, conspicuously constricted at the cross walls, 4.0-4.5/t in 
diameter, gradually tapering and curved at the apex. Cells 0.3-0.6 diameter 
in length, 1.5-3.0/* long, up to 13 /a long at the apices ; end cells broadly rounded 
to bluntly pointed, neither capitate nor calyptrate. Thin sheaths present in 
old strata. 

This plant is extremely close to 0. Ohem var. fallax Hansg. (0. Okeni 
var. phormidioides Hansg. seems unquestionably to be identical with the 
var. fallax .) 0. Ulrichii may best be separated from 0. Okeni var. fallax 
by its longer end cells and deeper constrictions at the cross walls. 

Prat found the species in the Mammoth not Springs: near Jupiter 
Terrace, and in the White Elephant Grottoes, in cool and tepid waters. 

In this investigation it was noted in several of the Mammoth Hot 
Springs: Jupiter Terrace, Angel Terrace, Hymen Terrace, Stygian 
Paves, and in others, at 14-34.6° CL, pH. 7.2-8.05. 

23. O s cillatoria gem i nat a Menegli. 

Comp. Alg. Eugan., p. 9, 1837. 

Plant mass dull yellowish green. Trichomes rather fragile, irregularly con- 
torted, often rolled, sometimes almost straight, distinctly constricted at the 
cross walls, 2.3-4.0/a in diameter. Cross walls thick, translucent. Cells 1-5 
diameters in length, 2.3-16.0/* long ; cross walls not granulated ; ceU contents 
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dull to dear blue-green, with mostly a few large retractile granules. Apices 
unspecialized ; end cells rounded, neither capitate nor calyptratc. 

Growing in standing water, on wet mud, in sulphur springs, brackish 
water and hot springs, 0. geminata is probably cosmopolitan. It has 
been noted in non-thermal habitats in Minnesota (Tilden, 1898), and 
Washington (Setchell and Gardner, 1903). Tilden (1898) found it in 
the Yellowstone Park, in the swift current of a spring creek, at 47.5° C. 
The spring was near the Upper Geyser Basin. 

It has been found in this study at Mammoth Hot Springs: Orange 
Spring Mound, Jr. (no. 82), at 43.6° C., pH. 7.65; Lower Geyser Basin: 
White Dome Geyser (no. 405), at 19.2° C., pH. 8.4; Upper Geyser Basin: 
Eirehole River at spring below Giant Geyser, at 45.1° C., pH. 8.05 ; and in 
the Twin Buttes Region: Spray Geyser (no. 429), at 31° C., pH. 9.05. 
It is not common in the Park, but it is widely distributed. 

23A. Oscillatobia geminata Menegh. 
var. fragilis, var. nov. 

Trichomes straight, short, mostly 6-12-celled, 2.2-2 .6/a in diameter. Cells 
1-2 diameters in length, 2.3-5.1/a long. Otherwise as in the species. 

This short-triehomed variety is much more common in the Park than 
0. geminata , and is quite distinct from it. The two forms were found 
together in one site and were very easily distinguished. 

It has been noted in many springs including : — Mammoth Hot Springs : 
White Elephant Grottoes (type: no. 99), at 23.5° C., Stygian Caves (no. 
148), at 13.1° C., pH. 8.2, ditch from Jupiter Terrace (nos. Y2, Y14), 
Angel Terrace overflow, Main Terrace; Meadow Springs (nos. 185, 187), 
at 55° C. and 48° C., pH. 6.6 and 6.65; Twin Buttes Region: Spray 
Geyser (no. 425), at 39.5° C., pH. 7.0, Imperial Geyser overflow (no. 
419), at 31.3° C., pH. 8.95; Upper Geyser Basin: tepid pool; and Lower 
Geyser Basin : warm marsh near Firehole Lake. Its noted range included 
temperatures of 13.1° C. to 58.6° C., pH. 6.6 to 9.05. 

23B. Oscillatobia geminata Menegh. 
var. tenella, var. nov. 

Trichomes 1.7-2.0/a in diameter. Otherwise as in the species. 

This slender variety was found consistently in the Stygian Caves, Mam- 
moth Hot Springs, at cool temperatures and in deep to moderate shade. 
The type (no. 145) was at 14° C. and pH. 8.1. It was growing with 
0. chalybea depauperata (of this paper), Gloeocapsa mpestris Kiitz., G. 
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arenaria (Hass.) Rab., Gloeothece linearis Naeg., and Chroococcus minib 
tus (Kiitz.) Naeg. The growth of the var. tenella was frequently abun- 
dant hut it was not found in an unmixed stratum. The plant seems to 
be non-thermal, although in a situation kept moist by cooled thermal 
water. 

24 . Oscillatoria Jovis, sp. nov. 

Filaments in dumps or scattered among other algae. Trichomes moniliform, 
short, fragile, mostly 30 - 60/1 long but sometimes longer, straight to bent or 
curved, 3.4-4.2/a in diameter, very deeply and conspicuously constricted at 
the cross walls. Cells 3-5/a long, ovoid ; cell contents blue-green ; not granu- 
lated at the cross walls. Apices unspecialized, neither capitate nor calyptrate. 
Motility feeble. 



Fig. 57 . — Oscillatoria Jovis (X690). 


This aberrant Oscillatoria resembles Pseudanabaena in cell shape but 
does not have the separated cells that Lauterborn emphasized in the de- 
scription of the genus. The cells, although shorter, are not unlike those 
of P. tenuis Eoppe. It resembles no previously described species of Oscil- 
latoria in other than generic characters. 

This is probably the most widespread Oscillatoria in the Yellowstone, 
but is almost never abundant. In a single collection it was the dominant 
alga. It has been noted in the following springs: — Mammoth Hot 
Springs: Orange Spring Mound, Orange Spring Mound, Jr. (nos. 77, 
78, 79, 80, 81, 82, 86) (type: no. 80, 51.6° C., pH. 7.0), White Elephant 
Grottoes (nos. 97, 101), Angel Terrace (no. 155), Jupiter Terrace, Diana 
Terrace, Narrow Gauge Terrace, Mound Terrace, Cleopatra Terrace; 
Meadow Springs (no. 193) ; Lower Geyser Basin: seven springs; Upper 
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Geyser Basin: Handkerchief Pool (nos. 350, 351) and eleven other 
springs; West Thumb: five springs; Elk Park: unnamed spring (no. 
210) ; Twin Buttes Begion : Spray Geyser (nos. 424, 428) ; and elsewhere. 
It was not noted in the Norris Geyser Basin, Mud Volcanos, or other 
extremely acid springs. It grew in water varying from 31° to 71.° C., 
pH. 6.45 to 8.95; its optima appeared to be near 50° C., pH. 7.6. 

ARTHROSPIRA Stizenberger 
Hedwigia 1, p. 32, 1852. 

Filaments solitary or united into mostly slimy blue-green, olivaceous, or 
reddish brown strata. Trichomes cylindrical, regularly or rarely somewhat 
irregularly twisted into definite spiral coils, long or rarely few-celled and 
short. Sheaths absent. Cross walls visible without staining, and visible in 
living specimens. 

Type species : Arthrospira Jenneri Stizenberger. 

Separated from Spvrulina Turpin chiefly by the visible cross walls, many 
authors have preferred to unite the two genera. The disposition of this 
matter is of little consequence. The species of Arthrospira are larger 
than those of Spvrulina. 

The various species inhabit most frequently standing or flowing fresh 
water, less often brackish or salt water. They often occur on or among 
other algae. A single species, A . maxima Setchell & Gardner, has been 
reported from warm (salt) water at Oakland, California (Gardner, 1917). 
There are no previous records of the genus from the Yellowstone. 

A single Yellowstone species. 

1. Abthbospiba Jennebi Stizenberger 
Hedwigia 1, p. 32, 1852. 

Filaments single or united into a blue-green mass. Trichomes blue-green, 
feebly or not at all constricted at the cross walls; 5-8/* in diameter; with 
rounded, unspecialized apices; mostly regularly spirally coiled. Colls 9-15/* 
in diameter; 21-81/t between adjacent turns. Cells quadrate or shorter than 
their diameter, 3-6/* in length; mostly finely granulated at the cross walls; 
end ceUs broadly rounded. 

This cosmopolitan fresh-water alga has been found in many localities 
in the United States, growing in standing or flowing water, among other 
algae or alone, submerged or floating. 

In the Yellowstone it has been noted twice in the present study, both 
times in non-thermal water. It was found in Panther Creek, growing 
among Batrachospermum; and in the Gardiner Eiver below Boiling 
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Kiver, mixed with various algae, at 18.6° C. The water at the latter site 
was feebly wanned by thermal springs. 

SPIRULINA Turpin 

Diet. d’hist. nat de Levrault, p. 50, 1829. 

Trichomes regularly spirally twisted into a more or less regular coil, with- 
out sheaths. Cross walls absent or invisible without special staining. Tri- 
chomes long to short; coils tight to lax. Trichome apices unspecialized. Cell 
walls rigid, not flexible; motility often marked but of the Osdllatoria type. 

The several species live in fresh, brackish, salt, sulphide-containing, 
and warm waters ; terrestrial habitats are not favored. Of the known 
thermal species : 8 . eddaria Tilden, 8. maior Kut z., 8. subsalsa Oersted, 
8. Meneghinima Zanard., and 8 . Idbyrinthiformis Gom., two have been 
reported from hot springs in North America. S. caldaria was described 
from hot sulphur springs at Banff, Alberta, Canada, by Tilden (1898), 
and S. maior reported from the Yellowstone by Tilden (1898). 

In the Park one species is quite important, and others are not un- 
common. 


Key to the Yellowstone Species. 

I. Turns of the trichome separated, not in contact. 

1. Coils open, lax. 

A. Coils cir. 1.5/* in diameter. 8 . caldaria 1. 

B. Coils cir. 3.0/* in diameter. Sf. caldaria var. magnlflca 1A. 

2. Coils moderately close. 

A. Trichomes cir. 0.4/* in diameter. 8. tenerrima 2. 

B. Trichomes 0.6/* or more in diameter. 

a. Trichomes 0.6-0.9/t in diameter. 8. subtiUssima 3. 

b. Trichomes 1.2-1.7 /* in diameter. 8. maior 4. 

II. Turns of the trichome in contact. 8. labyrltotMformis 5. 

1. Spibulina caldaria Tilden 


Bot Gaz. 25, p. 103, 1908. 


Trichomes short, somewhat straight and stiff, cir. 0.9/* in diameter and up 
to 15 or 20/* in length, forming a lax spiral 1.5/* in diameter, cir. 8.2/* between 
the turns. Plant mass extended, dark blue-green; or filaments scattered 
among other algae. 

The type locality for the plant is the Natural Sulphur Springs, Banff, 
Canada, where in 1897 Tilden found the plant forming richly colored 
strata on the surface of hot water (how hot ?) . There are no other records 
for the plant. 
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In the Yellowstone S. caldaria is of rare occurrence and has been ob- 
served only when mixed with other algae : S. labyrinthif ormis Menegh, 
Oscillatoriaterebriformis (Ag.) Gom., and Phormidium lammosum (Ag.) 
Gom. I have found the plant only in the Mammoth Hot Springs : White 
Elephant Grottoes (no. 100), at 33° C., pH. 7.5 , and Orange Spring 
Mound, Jr. (no. 84), at 30.2° C., pH. 8.0. From the data available it 
favors a moderate temperature, persisting in cultures at room tempera- 
ture, and disappearing at temperatures of above 45° C. 


1A. Spirulina caldaria Tilden 
var. magniflca, var. nov. 

Trichomes short, straight or flexuous, 0.7-1.0 in diameter and up to 40 
or 50/i in length, forming a lax spiral cir. 3/4 in diameter and 8-10/4 between 
the turns. Cell contents pale blue-green, homogeneous. Filaments solitary 
or in flocculent flakes; mass olivaceous blue-green and very soft. 



Fig. 58 . — Spirulina caldaria var. magniflca (X1860). 


The larger, looser, less rigid coils separate the variety from 8 . caldaria . 
The motility of the filaments is notable. 

It is wide spread and frequent in the Yellowstone. The type (no. 80) 
is from Orange Spring Mound, Jr., Mammoth Hot Springs, 51.6° C., 
pH. 7.05. It has been noted in the following sites : — Mammoth : Orange 
Spring Mound, Orange Spring Mound, Jr. (nos. 79, 80, 81, 82, 83, 84, 
85, 86, 87), Jupiter Terrace, Main Terrace, Narrow Gauge Terrace, Diana 
Terrace, Hymen Terrace, Cleopatra Terrace, Blue Pools overflow, and 
White Elephant Grottoes (nos. 89, 99, 101) ; Meadow Springs (no. 187) ; 
Boiling Biver group: Biverside Cone (no. 272) ; Elk Park: small spring 
(no. 210) ; Hpper Geyser Basin: Bijou Geyser (nos. 440, 441, 442) and 
eleven other springs; Biscuit Basin: Jewell Geyser (no. 374); Lower 
Geyser Basin: seven springs; and in a few scattered springs. It has not 
been noted in the Norris Geyser Basin, or in the Mud Volcano Group. It 
has been observed at temperatures of from 16.9° C. to 57° C., at acidities 
of pH. 6.55 to 9.0. Below 35° C. it was invariably quite rare and its 
growth seemed best at cir. 45° C. 
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2. Spibulina tenerbima Ktitzing 
Pliyc. gen., p. 183, 1843. 

Trichomes 0.4/* in diameter, regularly spirally twisted into a uniform coil 
1.4-1.7/a in diameter, clear blue-green; distance between the turns 1.0/a; dis- 
tance between adjacent portions of contiguous coils of trichome approx- 
imately 0.4/a. 

8. tenerrima occurs chiefly on damp earth among other algae* especially 
species of Oscillatoria and of Phormidium. The only record of this species 
from North America is by Farlow. He gave no locality reference. 

The presence of this species in a hot spring* or in thermal habitats* is 
unexpected. I have found it among other algae in a small warm pool 
between Oblong Geyser and Giant Geyser in the Upper Geyser Basin (no. 
445)* growing submerged in water at a temperature of 34.9° G. and pH. 
8.55. It is not an important component of this* or as far as I am aware* 
of any other hot spring. There are no other records of the species from 
warm water* and very few from submerged situations. 

3. Spibulina subtllissima Ktitzing 
Phyc. gen., p. 183, 1843. 

Plant mass dark green, slimy. Trichomes O.C-O.O/a in diameter, regularly 
spiraUy twisted, pale to bright blue-green, rarely yellowish. Coils 1.5-2.8/a in 
diameter ; adjacent turns 1.2-2.0/a apart ; contiguous portions of adjacent coils 
eir. 1/a apart. 

This species is widely distributed and inhabits a notable range of situa- 
tions : quiet fresh water* polluted water* bTackish* and salt water* sulphur 
springs and hot springs. In the United States it has been reported from 
Nebraska and California. 

Its occurrence in the Yellowstone is of interest in comprising one of 
the very few records of it in distinctly thermal waters. It has been found 
in the Firehole Eiver* Upper Geyser Basin* at the point of entrance of a 
hot spring overflow* at 32.2° C. and pH. 8.8 (no. 443). It was present 
in small quantities mixed with Oscillatoria spp. and Andbaena variabilis 
Kiitz. 


4. Spibulina major Ktitzing 
Phyc. gen., p. 183, 1843. 

Stratum dark blue-green. Trichomes 1.2-1.7/a in diameter, regularly spirally 
twisted in a coil 2.5-4.0/a in diameter, 2.7-5.0/a between adjacent turns, cir. 
1/a between adjacent portions of contiguous coils ; pale or bright blue-green. 
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5. maior is a common and cosmopolitan alga of fresh, brackish, and 
warm waters. It is found mostly mixed with other algae. In the United 
States it has been reported chiefly from western states, although it occurs 
abundantly in the east. The alga has been reported from thermal waters 
in the United States three times. Tilden (1897) found it in hot (?) 
water at Bick’s Hot Spring in Salt Lake City, Utah. Butler and Polley 
collected it in a warm sulphur spring at Banff, Canada. Tilden (1898) 
reported it from the Yellowstone, stating that “This species is quite com- 
mon in both the calcareous and siliceous waters of Yellowstone Park. It 
is generally found with other algae.” Her localities included Upper 
Geyser Basin: Spasmodic Geyser, 49.0-54.5° C.; and Mammoth Hot 
Springs (no definite citation), 41° C. 

I have been able to confirm the presence of S. maior in the Park, but I 
have found it chiefly in the Geyser Basins : — Upper Basin : Bijou Geyser 
(no. 438), 37° C., pH. 8.95, Emerald Spring, Chromatic Spring, and 
White Pyramid Geyser Cone (in seep) ; Lower Basin: two springs. At 
Mammoth it has been noted only once, in Orange Spring Mound, Jr. 
(no. 84), at 30.2° C., pH. 8.0. In all of these springs the plant was rare. 
8 . maJior is not “quite common in both calcareous and siliceous waters” ; 
it is rare to very rare in most of the springs. It is probable that Tilden 
confused the completely distinct 8 . labyrinthiformis with 8 . maior . Her 
temperature records are of no validity because of the probable misidentifi- 
cation. The plant has been noted at from 26° C. to 43.7° C., in basic 
waters, pH. 7.7-8.95. 


5. Spibulina labybinthuobmxs Gomont 
Monogr. Oscttl., p. 275, 1893. 

Trichomes often very long, dr. 1/* in diameter, blue-green, very regularly 
twisted; forming a smooth shining brilliant green to dull blackish green 
stratum. Coils tight, the adjacent turns in contact, 2.0-2.7 n in diameter. 

Occurring in standing brackish water and in hot springs in Europe 
and Africa, the species has been unknown in America up to the present. 

In the Yellowstone it is widespread and extremely abundant, and is 
unquestionably the most important species of its genus. It is the only 
Spirvlma I have encountered in the Park in pure strata. It is possible 
that Tilden’s records of S. maior Kiitz. are in error and should refer to 
this species. She stated of 8. maior (1910), “This species is quite com- 
mon in both calcareous and siliceous waters of Yellowstone Park.” Her 
statement is true of 8 . labyrinthiformis and certainly is not true of 8 . 
maior . In the present study it has been noted in the Mammoth Hot 
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Springs: Orange Spring Mound, Orange Spring Mound, Jr. (nos. 78, 
79, 80, 81, 82, 83, 86, 87), White Elephant Spring, White Elephant 
Grottoes (nos. 89, 90, 94, 97, 98, 99), Angel Terrace, Jupiter Terrace, 
Narrow Gauge Terrace, Diana Terrace, Minerva Terrace, Main Terrace, 
Blue Springs, and others; Upper Geyser Basin: Bijou Geyser (no. 438), 
Punch Bowl Spring, Wave Pool, Chromatic Pool, Emerald Spring, Morn- 
ing Glory Spring overflow, and others; Lower Geyser Basin: seventeen 
springs; Twin Buttes Region: Spray Geyser (no. 430), Imperial Creek; 
Soda Spring (Mammoth Region) ; West Thumb: flve springs; Shoshone 
Geyser Basin : two springs ; and in several isolated springs. It seems to 
be absent from the Norris Geyser Basin, Mud Volcano Springs, and the 
Crater Hills. It ranged in distribution from 23° C. to 59.4° C., from 
pH. 6.05 to 8.05, with its greatest abundance at cir. 44° C. and pH. 6.7. 
Between the temperatures of 30° and 50° C. it could be found in every 
sample at Mammoth, and in the less sharply acid and basic springs else- 
where. 


GLAUCOSPIRA Lagerheim 
Ber. deutsch. bot. Ges. 10, p. 364, 1892. 

Filaments regularly spirally twisted, long, slender, without sheaths. Cell 
walls thin, flexible; cross walls absent or invisible. Motility Spirochaete- 
like. Flagella and undulating membrane absent. Pigments present including 
chlorophyll and phycocyanin. 

Type species : Glaucospira agilissima Lagerheim. 

The similarity of Glaucospira to Spirulina Turpin is notable. However, 
the flexible cell membrane is unique among the Myxophyceae, and the 
rapid peculiar motility is completely distinctive. The rigid filaments of 
Spirulina that at most bend slowly without aiding in forward movement 
contrast with the flexible, serpentine, writhing filaments of Glaucospira. 
The species described below is fully as active as the species of Leptospira 
and certain other Spirochaetes the author has observed and it seems prob- 
able that the relationships of Glaucospira lie in this direction rather than 
with the Myxophyceae. 

The two very similar previously described species, G. agilissima Lag. 
and G. tenuior Lag., are known only from Quito, Ecuador. 

A single Yellowstone species. 

1. Glaucospira yellowstonensis, sp. nov. 

Trichomcs regularly coiled, dr. 0,5 /j, in diameter ; coils up to 40/* in length, 
3-5/i in diameter, distance between adjacent turns 3-6/a. Cell contents bright 
blue-green, homogeneous. Motility very rapid ; trichomes flexible. 
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The species of Lagerheim have a trichome diameter of 2\i and somewhat 
less. The much more slender trichomes of this species are distinct. While 
alive, the movement is too rapid to permit accurate measurement of the 
organism. However, the coil diameter, distance between turns, and over- 
all length are changed materially as the trichomes move. In Spimlina , 
if such changes occur, they are o£ extremely minute proportions. The 
measurements above are from fixed specimens and do not present the 
extremes to be observed in living material. The trichome diameter is, of 
course, constant. 

This unique species has been found as an incidental species in Firehole 
Lake, Lower Geyser Basin (no. 400, type), at 28-37° C., pH. 8.3. It was 
present on the surface of the chocolate-brown gelatinous bottom crust of 
the lake. This crust consisted of Phormidium lamvriosmn (Ag.) Gom., 
Lyngbya subspvroides (of this paper), and incidental species such as 
Aphanothece saxicola Haeg., Synechococcus Minervae var. maior (of this 
paper), and Spirulina cddaria, Tilden. It was possible to obtain almost 
pure flecks of the Gluucospira . The masses of filaments were bright blue- 
green, floeculent, and easily broken up. The reaction of the organism to 
light was sharply positive. 

PHORMIDIUM Kfltzing 
Phyc. gen., p. 190, 1843. 

Filaments unbranched, straight or contorted but never regularly spirally 
twisted; united into gelatinous, slimy, cartilaginous, membranaceous, felted, 
or leathery strata attached broadly to the substratum or forming partially 
free, rarely floating, corded masses, or more or less columnar, sometimes bulb- 
ous thaUi. Sheaths more or less firm, thin, and uniform, gelatinized, slightly 
to completely confluent, and sometimes forming a homogeneous matrix. Tri- 
chomes mostly long. Hormogonia present. Resting cells absent. 

The large number of species belonging to this especially difficult genus 
grow almost everywhere ; standing and flowing fresh water, brackish, salt, 
and supersaline waters, polluted water and mineral springs, sulphur 
springs and thermal waters, damp soil, rocks, and mud, oven caves, all 
have species of Phormidium as regular components of their algal flora. 
The genus is especially well represented in hot springs, and at least 
twenty-six species have been noted in the past in thermal habitats. Five 
have been reported from the Yellowstone, and in this investigation twenty- 
one species and varieties have been found, giving a total of twenty-two 
Yellowstone thermal species of Phormidium . The Yellowstone forms will 
be considered individually. Of the ones not found in the Park, the fol- 
lowing have been credited to thermal springs: P. Treleasii Gom., P. 
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africanum Lemm., P. purpurascens var. homogeneum Gardner, P. gela - 
iinosum Woron., P. orientale G. S. West, P. valderianum var. tenuis 
Woron., P. ambiguum Gom., P. Corwin Gom., P. papyraceum Gom., P. 
viscosum Lemm., P. calidum (K. B. H.) Gom., P. lucidum Kiitz., P. 
uncmatum Gom., P. Chungii Gardner, P. inundatum var. conspersum 
Menegh., and P. favosum (Bory) Gom. Only a few of these are known 
in thermal waters from North America. P. purpurascens var. homo- 
geneum was described from a hot spring in Porto Rico (Gardner, 1927), 
and P. Treleasii is known from warm waters in Arkansas (Gomont, 1899) 
and a hot sulphur spring at Banff, Alberta (Gardner and Setehell, 1903) . 
Certain species of the genus live at very high temperatures. Gardner 
(1927) found P. Chungii at 70° C. in a spring in China, and Tilden 
(1898) reported P. laminosum (A g.) Gom. from the Yellowstone, where 
she found it at 75.5° C. 

In the Park, Phormidium is unquestionably the most important genus 
of thermal algae. The genus is represented in all of the springs except 
those of extreme acidity, and those that due to turbidity of the water or 
violence of eruption house no living organisms. In some springs, e.g. 
Spray Geyser, the strata of Phormidium reach a thickness of 10 cm. In 
many cases the mixed strata of some of the smaller species present almost 
hopeless taxonomic problems. The majority of the springs have very 
definite Phormidium formations as the dominant associations at tempera- 
tures of 40° to 75° C. Several of the species are typically thermal. It is 
notable that the Yellowstone forms include mostly the smaller species, 
and of the twenty-two known in the Park only a single one has a trichome 
diameter as great as 4[x. A few of the species are considerably less than 
l[i in diameter. Two of the species are typical thermal limital types, 
extending their range up to the highest temperatures endured by living 
organisms. The temperature of 85.2° C. permits the slow growth of at 
least one species, P . hijdhensis (of this paper), and a second grows at a 
temperature of 81° C. Two other species extend into water above 70° C. 

Key to tiie Yellowsto:ne Species. 

I. Trichomos greater tlian in diameter* P. yellowstonnvsc 1. 

IX. Trichomos less than 4 p in diameter. 

1. Trieliomes greater than 0.7 p in diameter. 

A. End-cells or trichome apices or both tapering. 

a. End-cells pointed; trichome apices not otherwise tapering; not 
constricted at cross walls. 

*. Colls longer than broad. 

!. Trichomes 1.0-2.0/t in diameter ; end-cells not hooked, 
P. laminosum 2. 

* Maatigocladus laminosus var. phormidloides might be sought here. 
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! !. Trichomes 2.6-3.2/a in diameter ; end-cells often hooked. 

P. vesieuloswm 4. 

**. Cells isodiametric or shorter than broad. P. Wee&U 3. 

b. Trichome apices tapering; constricted at cross walls. 

*. Calyptra present. P- subcapitatum 5. 

**. Calyptra absent; end-membrane unthickened. 

Cells short, 0.6-1.3 diameters in length. P. fragile. 6. 
Cells longer, 1.4-5.5 diameters in length. 

Trichome diameter 2/a or greater. P. subuliforme 7. 
Trichome diameter 2/a or less, 
x. Cross walls without granules; cells up to 3 di- 
ameters in length. P. tenue 8. 

xx. Cross walls mostly with two granules; cells up 
to 5.5 diameters in length. 

P. tenue var. granuliferum 8A. 
B. End-cells not pointed ; apices not tapering. 

a. Trichomes constricted at the cross walls. 

*. Trichomes deeply and prominently constricted; trichomes 
monillform. P. foveolarum 9. 

**. Trichomes lightly and inconspicuously constricted. 

!. Stratum dark violet, steel blue, or blue-black. 

P. luridum 10. 

! !. Stratum bluish to yellowish green. 

J. Trichomes 2.0-2.5/a in diameter ; stratum lamellate. 

P. valderianum 11. 
Trichomes 1.3-2.0/a in diameter ; stratum not lamellate. 

P. valderianum var. cartilagineum 11A. 

b. Trichomes not constricted at the cross walls. 

*. End-cells blunt, truncate, or subtruncate. 

P. truncatum var. thermale 12A. 
**. End-cells rounded, neither truncate nor flattened. 

!. Cells 0.6-1.2 diameters in length ; stratum red. 

P. rubrum 13. 

! !. Cells 1.0-4.0 diameters in length ; stratum not red. 

#. Stratum purplish to violet brown. 

x. Cells 1-2 diameters in length; trichomes 1.5-2.5/a 
in diameter. P. purpurascens 14. 

xx. Cells 2-4 diameters in length; trichomes 1.0-1.4/a 
in diameter. P. purpurascens var. larrdnatum 14A. 
Stratum blue-green or bluish to yellowish green, 
x. End-membranes thickened ; stratum with long free 
tufts, fibrous. P. ramo8um 15. 

xx. End-membranes unthickened ; stratum smooth, 
spongy, gelatinous. P. acidopMlum 16. 

2. Trichomes less than 0.7/a in diameter. 

A. Stratum fibrous, tufted, and with corded streamers. 


B. Stratum not fibrous, plane. 


P. gey8ericola 17. 


a. Stratum yellow-green, leathery. P. subterraneum 18. 


b. Stratum pink to red, soft spongy. P. bijahensie 19. 
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1. Phokmidhtm yellowstonense Pr&t 
Stud, biolith., Nfik. CeskS Ak., p. 97, 1929. 

Stratum extended, indurated with lime. Filaments more or less parallel, 
straight or irregularly spirally twisted. Sheaths at first thin, later firm and 
evident, incompletely confluent. Trichomes blue-green, not constricted at the 
cross walls, 6-8/* in diameter; apices straight and more or less attenuate, 
feebly capitate and sometimes twisted. Cells mostly 0.5-1.0 diameters long 
(occasionally as short as 1/4 diam.) ; end cells rounded at apex or subconical, 
with distinct calyptra. 

This plant was found by Pr&t in the reservoir at Mammoth, growing 
mixed with Calothrix. The water in the reservoir is cool, but is partly of 
thermal origin. The species is to be expected in the cooler waters of the 
nearby springs. 

It was not encountered in this investigation. 

2. PnoRMroiuM laminosum (Ag.) Gomont 
Essai Class. Nost. homocyst., Morot. Jour. Hot 4, p. 355, 1890. 

Stratum thin or less often thick, up to 1 cm., membranous to grisly, bright 
blue-green, golden, or reddish. Filaments flexuous to contorted, entangled. 
Sheaths colorless, close, of variable thickness, often papery, usually com- 
pletely or almost completely confluent into an amorphous matrix. Trichomes 
1.0-2.0/a in diameter (usually near 1.5/*), not constricted at the cross walls; 
apices straight, cylindrical except for the apical cell. Cells longer than broad, 
2-5/* in length, mostly with 2-4 ref ringent granules on the often inconspicuous 
cross walls; cell contents pale blue-green. End-cells sharp pointed, without 
calyptra. 

This widespread species occurs in standing water, on wet rocks, and in 
hot springs. It is known from almost every major hot spring group and 
from numerous non-thermal sources. In North America it is known 
from Alaska (Saunders) to Trinidad (Howard) ; and from a variety of 
habitats : waterfalls, quiet pools, greenhouses, and warm springs. Keller- 
man in 1906 (Tilden, 1908) found it in very warm ( ?) water near Lake 
Amatitlan, Guatemala. 

Tilden found the plant in 1896 (1898) in various hot springs in the 
Yellowstone: Norris Geyser Basin: Ribbon Spring; Lower Geyser Basin: 
Mountain Hot Springs and springs in the Nez Perces valley; Upper Gey- 
ser Basin: Solitary Spring; Midway Geyser Basin: Grand Prismatic 
Spring; and Mammoth Hot Springs (which ones?); at temperatures 
ranging from 30° C. to 75.5° C. About the species she stated that it 
was found to be “by far the most widespread and abundant of any in the 
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hot waters of the park. Its habit of growth is extremely varied, so that 
it is not easily recognized. It is the only species, except Spirulim major, 
that, so far as I know, is found in both calcareous and siliceous waters in 
this region.” From my own experience, I am in agreement with Tilden 
in her statement concerning the abundance, widespread occurrence, and 



Fio 50 — Phot mUhum la- 
mtnoaum (Ag ) Gom 
(X1650). 

variable appearance of P. l&minosum . It is present regularly in most of 
the larger and many of the smaller hot springs in the Park, within certain 
limits of temperature and acidity. In my collecting I have found it in 
the following springs : — West Thumb : eight springs ; Upper Geyser Basin : 
Handkerchief Pool, Emerald Pool, Eainbow Spring, Bijou Geyser, Beach 
Spring, Wave Spring, Cyclops Springs, Giantess Spring, and others ; Mid- 
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way Geyser Basin: Grand Prismatic Spring, Turquoise Pool, Excelsior 
Geyser Crater, Iris Pools, and several small unnamed springs; Lower 
Geyser Basin: Ojo Caliente Spring, Black Warrior Springs, Surprise 
Pool, Five Sisters Springs, and others; Twin Buttes Eegion: Spray Gey- 
ser, Imperial Geyser, and two small springs; Norris Geyser Basin: rare 
or absent; Mammoth llot Springs : Orange Spring Mound, Orange Spring 
Mound, Jr., Minerva Terrace, Angel Terrace, Jupiter Terrace, Diana 
Terrace, White Elephant Spring, and several others ; and in many isolated 
springs. I suspect that in Tilden’s work there was some confusion between 
P. laminosum and other small species of Phormidmm. This is suggested 
by her description of the plant growth, including as she does, extremely 
variable and aberrant types : pink, yellow, white, and green masses ; white 
scurfy brittle scum on surface of pools ; foliated and bulbous to ribbon- 
like and plume-like growth, as well as the usual types of strata. In my 
own experience, the species varies widely in appearance, but within limits, 
forming always distinctly colored masses, blue-green, yellowish-brown, 
orange-tan, and grading into a yellowish brick-red. The color range is 
evidently correlated with the plant’s ability to effect a certain degree of 
chromatic adaptation. The orange-tan and brownish strata are usually in 
full sunlight and well exposed, the blue-green strata are partially shaded, 
and the reddish types occur beneath the surface or in deep shade. The 
Yellowstone material is undoubtedly that indicated by Boresch as var. 
olivaceo-fuscum. I consider his variety to be the P. laminosum (A g.) of 
Gomont, and the varietal name unnecessary. P. laminosum seems to occur 
at temperatures up to 65-66° C. and not above (Tilden’s record of 75.5° 0. 
is too high), and at acidities of pH. 6.0 to 9.0. In colonial morphology 
the alga is quite constant under uniform conditions. In very shallow rillB 
and pools it may form thick cartilaginous to leathery, partially submerged 
rims or “islands”; in deeper, quiet water it forms softer strata, usually 
smooth but often with raised ridges, papillae, or erect columnar processes 
(the processes become bulbous above chiefly when they reach the surface 
of the water and develop into small islands) ; in swift water it forms 
streamers and elongate ridges. Its appearance is often modified by the 
growth of epiphytic species, and by mixture with other species of Phor- 
midhim, with Mastigocladus, etc. 

In many springs P. laminosum is the dominant alga over extended areas. 
It has given the name to Orange Mound, on which it is abundant and 
where its orange-tan strata are quite handsome. 
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3. Phormidium Weedii (Til den) comb. nov. 

Syn.: Phormidium laminoswm (Ag.) Gom. forma Weedii Tilden, 

Bot. Gaz. 25, p. 99, 1898. 

Stratum blue-green. Tricbome more or less contorted, and irregularly 
crowded, not constricted at the cross walls. Sheaths difficultly visible, tbin, 
mostly confluent into a general matrix. Tricbomes 2.5-3.0/a in diameter; 
apices pointed. Cells 0.5-1.0 diameter in length, 1.5-2.5/a long, cross walls 
mostly without granules ; cell contents blue-green, usually granular. End- 
cells sharp conical, neither capitate nor calyptrate. Apices neither tapering 
nor bent or curved, but tricbomes mostly bent to hooked a short distance be- 
hind the apex. 

Tilden stated that "the apex is almost invariably sharply bent.” The 
bend is not especially constant, although it is typical, and the bends occur 
indiscriminately at any point behind the ape\. I find the plant to be 
constantly distinct from P. lamwosum , and as distinct as the majority of 
species of the genus. It is, as Tilden noted, similar to P. lamwomm. The 
cell length is particularly distinctive, and the shorter, broader cells sep- 
arate it from that species. The alga was described from the Yellowstone, 
and was found (by Weed) in the overflow channel of Spasmodic Geyser, 
Upper Geyser Basin, at 49-54.3° C. 

It has been noted m five springs m the Upper Geyser Basin : Sunset 
Lake, Beauty Pool, Lion Geyser overflow, Wa\e Spring, and Goggles 
Spring, at 37.8-59.9° C., pH. 8.2-9.05; and in Spray Geyser, Twin 
Buttes Begion (no. 417), at 47.2° C., pH. 8.9. In general it is of 
secondary importance in the sprmgs m which it was studied. 

4. Phormidium vesiculosum, sp nov 

Stratum gelatinous, homogeneous, translucent and pale blue-green to golden- 
green, up to 1 cm thick, frequently and characteristically with long oi shoit, 
flexible, gelatinous, erect or waving cords arising from the upper surface, 
3-10 mm. in diameter and up to 06 m long, bearing at their upper ends gas- 
filled sacs or vesicles 1-6 cm. in diameter, that tend to float at the surface 
and support the cords in an erect position. Trichomes not crowded, straight 
to fiexuous, not contorted, often more or less parallel, alike in all paits of 
the plant mass, 2.6-3 2/a in diameter (usually 3 0/a), often very slightly con- 
stricted at the cross walls Sheaths invisible, completely confluent into a 
colorless, homogeneous matrix. Cells cylindrical, 6-15/a in length (usually 
8-12/a), much longer than their diameter, frequently spaced in the trichome 
with the gap between cells up to 0 5/a, pale blue-green, with usually two polar 
granules which lie at or near the end walls. Apices straight, not tapering 
(except for the end-cells). End-cells at first rounded, then obtusely pointed, 
gradually becoming long, sharp-pointed, and sometimes with a tiny bent hook 
on the tip, without calyptra; terminal half or two-thirds of each end cell 
modified, remainder of cell normal. 
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P. vesiculosum is quite distinct from all other species of Phormidium. 
It is closer to P. larmnosum (A g.) Gom. and I\ Weedn (Tilden) than to 



Fig 60 — Phormtdium ve&culo- 
sum (X1200) 


other species. From them it may be distinguished by its larger trichomes, 
its peculiarly hooked end-cells, its rather more homogeneous stratum, and 
its distinctive bladder-bearing cords. 
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It is of considerable interest that the cords form best in quiet water* 
and have a constant morphology. The length of the cord is usually* at 
maturity* just the depth of the water. In shallow basins the strata bear 
sessile blister-like vesicles or very short stalked ones. The species is* to 
me* one of the handsomest of the Myxophyceae* and a hot spring pool 
literally filled with dozens of golden-green or pale blue-green translucent 
stalked balloons is a sight that one does not soon forget. 

The plant is local and rather uncommon. It has been collected in only 
five springs: Main and Blue Pool Terraces* Mammoth; Bijou Geyser, 
Upper Geyser Basin (nos. 350* 351) ; and a small spring in the north- 
east part of Elk Park (type : no. 210) . The alga occurred at 40-58° C.* at 
pH. 7.5-9.0. The type was at 47° CL and pH. 8.05. It seems odd that so 
conspicuous a plant had not been described by previous workers in the 
Park. 

5. Phormidi xtm. stjbcapitattjm Boye Pet. 

Freshw. Cyanoph. Iceland, p. 282, 1923. 

Stratum membranous to leathery, dark blue-green. Sheaths slimy, mostly 
indistinct. Trichomes irregularly twisted, 1.8-2.2 fi in diameter, lightly con- 
stricted at the cross walls; apices straight, often slightly narrowed. Cells 
1-2 diameters in length, 2-6/* long; end cells often feebly capitate, with 
rounded or blunt conical calyptra. 

Up to the present it has been reported only from Iceland* where it grew 
on damp earth. 

In the Yellowstone it was noted once* on the cone of Bijou Geyser in 
the Upper Geyser Basin (nos. 436* 437). At the time of collection it was 
at 42° C .* pH. 8.95. The temperature at the site at which it grew varied 
from 26 to 53° C. during a few hours time. The acidity remained con- 
stant. With these meager data it is not possible to place the alga eco- 
logically. 

6. PHORMmraM fragile (Menegh.) Gom. 

Monogr. Oscill., p. 163, 1802. 

Stratum slimy-gelatinous, often lamellate, yellowish to brownish blue-groen. 
Sheaths confluent, difficultly visible, Trichomes flexuous, twisted and inter- 
woven or more or less parallel, distinctly constricted at the cross walls, grad- 
ually tapering at the apex, 1.2— 2.3^t in diameter, pale bine-green. Cells mostly 
almost isodiametric, 1 .2-3.0/* long, not granulated at the cross walls ; cell con- 
tents homogeneous. End cells pointed, conical, neither capitate nor calyptrate. 

Growing in salt* brackish* and fresh water* in sulphur and warm 
springs* P. fragile is cosmopolitan. It has been noted several times in 
the United States* but has not been recorded from either the Yellowstone 
Park or hot waters. 
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It is rare in the Park, and has been found only in the Stygian Caves, 
Mammoth Hot Spring, (no. 146), at 12.8-23.1° C., pH. 7. 9-8.1. It was 
present on the wet walls of the shallow shaded grotto in profusion. 



ultform c Gom, (X1000). 

7. PnORMIttlUlC ftUBXJLl FORME Gom. 

Monogr. Oscill., p. 189, 1892. 

Stratum lamellate, yellowish-green to olive-green. Filaments mostly par- 
allel, straight or flexuous. Trichomcs 2.0-2,8/x in diameter, lightly con- 
stricted at the cross walls, dull blue-green, cross walls often inconspicuous ; at 
the apices tapering and bent or twisted, not capitate. Sheaths completely 
confluent into a homogeneous matrix. Cells up to 4 times their diameter in 
length, 3.4-8.<V long, with homogeneous (or coarsely granular?) contents. 
Bnd-cell usually acute-conical with acutely rounded tip, calyptra none. 
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In the Yellowstone material the uniformly homogeneous cell contents 
is notable. This is in agreement with Gomont’s original diagnosis and 
in partial disagreement with Tilden (1910). The color of the stratum 
is variable — not the constant golden-green of previous records — ranging 
from dull tan, golden-green to olive-green and dull blue-green. Geitler 
(1926, 1932) questioned the invariably constant color. 

P. sululiforme has been found very few times. Geitler (1926) states 
that it has been collected only four times. These lecordb established the 
species in St. Paul, Iceland, and Algeria— in hot springs in each case. 
Bessey, Pound, and Clements (1901) recorded its presence in an aquarium 
at Lincoln, Nebraska. It seems quite possible that their identification was 
in error. At any rate, its presence in such a situation is unexpected. In 
Yellowstone National Park the plant is local and not abundant. It has 
been noted chiefly in shaded sites, in the major Geyser Basins and at 
Mammoth. Its known range in the Park includes: — TJpper Basin, the 
damp sides of a “cave” formed by the overhanging sinter ledge on the bank 
of the Firehole River between Oblong and Giant Geysers (no. 446), grow- 
ing at 26° C.; Lower Basin, along the edge of a shaded thermal rill near 
Ojo Caliente Spring, growing at 32° C. ; and Mammoth Hot Springs, gen- 
erally found as an occasional to frequent component of the flora of the 
majority of springs (nos. 82, 83), growing below the surface of the algal 
strata and not forming a definite thaflus. On the basis of the meager 
data available it seems that the species usually is favored by a moderate 
temperature (26° to 43.6° C.), slightly to moderately basic waters (pH. 
7.66 to 8.2), and light of less intensity than that of full sunlight. 

8. Phobmidium tenue (Menegh.) Gomont 
Monogr. Oscill., p. 169, 1892. 

Stratum membranaceous, extended, blue-green. Tricbomes straight or 
somewhat entangled, more or less parallel, lightly constricted at the cross 
walls, 1-2 fi in diameter, pale blue-green ; apices at first straight, later becom- 
ing bent, gradually tapering. Sheaths thin, slimy, mostly evident, at length 
largely confluent. Cells up to 3 diameters in length, 2.5-5.0 /* long, not granu- 
lated at the cross walls. End-cells pointed, long-conical, neither capitate nor 
calyptrate. Cell contents mostly homogeneous or finely granular. 

Growing in standing fresh and brackish water, on damp earth and wet 
rocks, in caves and sometimes in total darkness, and in warm springs, 
this plant is cosmopolitan and tolerant of extremely variable conditions. 
It has been noted in North America from Alaska to the Barbados, and is 
well known. Tilden (1898) reported it from the Yellowstone, Lower 
Geyser Basin, at 33° C., mixed with P. lamvnomm (A g.) Gom. 
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While frequent in the Park, it is not conspicuous. It has been noted 
in the Lower Geyser Basin : White Dome Geyser (no. 404), at 20° 0., pH. 
8.4; Upper Geyser Basin: Emerald Pool, at 31° C., pH. 8.35; Mammoth 
Hot Springs : small pool near Soda Spring (no. 126), at 42° C., pH. 6.1; 



Fig <J2 — Phut mirtium tc- 
nue vai gtatnillfcrum 
(X 2000) 


Bijah Group : small pool (nos. 118, 119), at 25-47.2° C., pH. 6.1; and in 
a few other springs. Its observed range of tolerance extended from 20° 
to 50.7° C., pH. 6.1 to 8.4. Its greatest abundance was noted at 47.2° C., 
pH. 6.1. In general it was mixed with other species of Phormidmm and 
with those of OscUlatoria. 
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8A. Phormidium tenue (Menegh.) Gom. 
var. granuliferam, var. nov. 

Stratum bright blue-green, extended, membranous, and often with erect 
tufts above. Trichomes flexuous to contorted, lightly constricted at the cross 
walls, slightly tapering at the apices, 0.9-1.5/a in diameter. Sheaths thin, in- 
completely confluent but often almost invisible. Cells 2.0-5.5, mostly 2.5-4.0, 
diameters in length, 2.5-8.5/a in length, mostly with a granule on each side of 
the cross walls. End-cell long-conical with a rounded apex, without calyptra. 

The var. granulifertm differs from P. tenue in being more slender, in 
having longer cells, granulated cross walls, and having a less acuminate 
apex. It is quite dose to the species but distinct. 

It appears to be limited to the Geyser Basins and a few scattered springs 
elsewhere. The type (no. 445) was found in a small pool between Oblong 
and Giant Geysers, in the Upper Basin, growing at 34.9° C. and pH. 8.55. 
At that place it grew both submerged and on wet rock (no. 444), along 
with Scytonematopsis hydnoides (of this paper), Mastigocladus laminosus 
var. phormidioides Boye P., and Spirulina tenerrima, Kiitz. The other 
localities in which it has been found indude: — Upper Geyser Basin: 
Emerald Pool (no. 353), Handkerchief Pool (no. 351); Ochre Spring 
(no. 62) ; Bijah Group: small pot (no. 307) ; and Twin Buttes Region: 
Spray Geyser (no. 426). Its observed range of latitude in temperature 
and acidity is 33-73.6° C., pH. 6.0-8.9. It is more important locally than 
the species P. tenue . 

9. Phormidium foveolarum (Mont.) Gom. 

Monogr. Oscill., p. 164, 1893. 

Stratum thin, gelatinous, dark green to blackish, extended or limited. Tri- 
chomes contorted, regularly and deeply constricted at the cross walls, loosely 
placed, clr. 1.3/a in diameter, pale blue-green; trichomes not tapering at the 
apices. Sheaths broad, usually completely confluent, colorless. Cells some- 
what subspherical, 0.8-2.0/a in length, not granulated at the cross walls ; cell 
contents homogeneous. End-cells unmodified, rounded. 

Widely distributed and well known in many regions, it has been re- 
ported from North America very few times. Gardner (1903) found it 
growing with P. autumnale (Ag.) Gom. in roadside ditches near LaOon- 
ner, Washington; and Drouet (1932) recorded its collection by Geisen- 
dorfer in Missouri. It has not been noted in thermal sites. 

It has been found in a single locality in the Yellowstone, on a wet 
sinter ledge on the shore of Yellowstone Lake at West Thumb (no. 449), 
growing with Ccdothrix parietim Thuret and Nostoc microscopicum 
Carm. It was growing at a temperature averaging around 20° C. (in 
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July). The growth was largely superficial but it also penetrated into 
the porous, fibrillar sinter 3— l mm. There was no evidence of its dissolv- 
ing its way in; rather it grew into already existing cavities. The plant 
in the Yellowstone, as elsewhere, is essentially lion-thermal. Its presence 
on the ledges kept warm by seepage from nearby hot springs show toler- 
ance for a temperature very slightly above that for meteoric waters. The 
reaction of the water squeezed from the algae was pH. 7.8. 

10. Phobmiditjm lubidum (Ktitz.) Gomont 
Monogr. Oscill., p. 165, 1892. 

Stratum membranaceous, purple to dull violet above, grayish blue-green 
within. Trichomes somewhat contorted, more or less entangled, lightly con- 
stricted at the cross walls, not tapering at the apices, 1.7-2.0 g in diameter, 
pale bluish-violet. Sheaths thin, soft, difficultly visible, confluent. Cells 
1.0-2.5 diameters in length (mostly cir. 1.5 diameters), 1.8-4.7 p long, not 
granulated at the cross walls; cell contents homogeneous; end-cells un- 
modified, rounded, neither capitate nor calyptrate. 

Fremy’s forma violascens seems to me to be the species itself, his forma 
nigrescens probably a distinct form that is absent in the Yellowstone, or 
at least unknown. 

Growing in standing water and in warm springs, the plant is widely 
distributed, but is poorly known in North America. It has been reported 
from St. Yincent and Dominica, West Indies (W. and G. S. West, 1900 ; 
G. S. West, 1904.), but not from the continent. 

In the Yellowstone it has been found twice 111 seeps along the Firehole 
River, Upper Geyser Basin, at 28° and 32.6° C., pH. 8.1 and 8.25. 

11. Phormidium valderianum (Delph.) Gom. 

Monogr. Oscill., p. 167, 1892. 

Syn.: Phornridium Valdcriae (Delph.) Sohmidle, 

Stratum extended, up to 3 cm. in thickness, lamellate, the upper layers dull 
green, the lower whitish, slimy-cartilaginous. Filaments densely packed and 
crowded, flexuous to contorted. Sheaths at first thin and distinct, later con- 
fluent and indistinguishable. Trichomes blue-green, 2.0-2.5 g. in diameter, 
lightly constricted at the cross walls, mostly uniformly cylindrical. Cells 
3.3-6.7m in length, mostly with 1-2 granules at the cross walls ; cell contents 
blue-green. Apices unspecialized, not tapering ; end-cells rounded, not 
calyptrate. 

Gomont’s diagnosis states that the trichomes are not constricted at the 
cross walls. That is in opposition to his figure of the plant; and in dis- 
agreement with the material the author has been able to examine. The 
change in description has been made to correct this error. 
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This widely distributed plant is known from a variety of habitats: 
flowing and standing fresh water, brackish water, wet rocks and timbers, 
and hot springs. It is rather well known in North America. Butler and 
Polley (Setchell and Gardner, 1903) found it in a warm sulphur spring 
in Banff, Alberta, and it was reported (according to Tilden, 1910) from 
a thermal spring at the foot of the Volcano of the Virgin, Lower Cali- 
fornia (Mex.) at 75° (C. or B.?). It has not been reported previously 
from the Yellowstone. 

In the Park it is occasional to rare. It was found in the Twin Buttes 
Region, Spray Geyser (no. 415), at 47.2° C., pH. 8.9, in good quantity; 
and in the Bijah Group, small unnamed spring (no. 122), at 46° C., pH. 
6.1., in small quantity. 



Fig. 63 — PhormAdium valderianum var. carUla- 
gxneum (X1300). 

HA. Phobmidium valderianum (Delph.) Gom. 
var. cartilagineum, var. nov. 

Stratum extended, up to 4 (rarely 5) cm. in thickness; cartilaginous, 
homogeneous, not lamellate, deep blue-green above, pale blue-green to whitish 
in lower portions, surface covered with anastomosing wrinkles raised as much 
as 2 mm. above the general surface. Trichomes 1.3-2.0/t in diameter; cells 
3.5-6.0J& in length. Sheaths distinct in part, completely confluent in other 
parts. Otherwise as in the species. 
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The variety differs from the species in several respects. Microscop- 
ically it is of smaller size but quite comparable. On gross examination its 
tougher composition, thicker mass, less slimy content, and beautifully 
marked, richly colored surface make the variety unmistakable. The strata 
are translucent and give the appearance of deeply pigmented gelatin. 

The occurrence of the plant is decidedly limited and, while it is not 
rare in a few localities, it is local. The most typical site for it is the 
basal slope of a geyser (or eruptive spring) cone, where the supply of 
water is rather constant. The alga has been found only where it is fre- 
quently sprayed with warm water. Geysers of irregular or infrequent 
eruption do not favor it. It appears to be confined to basic waters (pH. 
7.7-9.1) and sites with a temperature between 40° and 60° 0. It can 
endure severe fluctuations in temperature. The type (no. 435) is from 
Bijou Geyser, growing (at time of collection) at 44.5° 0. and pH. 8.95. 
Bijou is one of a complex spring group. The chief member, Giant Geyser, 
is noted as the highest geyser in the world. It has a large broken tower- 
like cone situated on a broad low mound. In addition to the Giant, there 
are three smaller geysers: Bijou, Mastiff, and Catfish, as well as at least 
three small non-eruptive springs. Of these springs, either Bijou or Mastiff 
is almost always erupting, frequently two of the three are in action, 
occasionally all three at once. The non-eruptive springs constantly supply 
a little water. Consequently a supply of water is consistent but the 
volume and temperature fluctuate almost at random. During the long 
periods of quiescence of Giant Geyser the temperature of the water reach- 
ing the strata of P. vdderiemum cartilagmeum never falls below approx. 
40° C. and never rises above 60° C. During an eruption of Giant (at 
intervals of six to fourteen or more days) the living algae are deluged 
with water above 76° C. without apparent injury — certainly without kill- 
ing the abundant giowlh. (It is of interest that Calothrix Kmtzei Rich- 
ter in the same site is killed by this temperature). The alga has been 
noted in three other sites in the Upper Geyser Basin, and in a single spring 
in the Twin Buttes Region (Spray Geyser, no. 427, cir. 40° C., pH. 9.0, 
at the lowest temperature noted during the eruptive cycle.) 

12A. Piiobuxdium TBUNCATUM Lemm. 
var. thermale, var. nov. 

Stratum often poorly developed, up to 1.5 nun. in thickness, epiphytic on 
other algae, soft, homogeneous, orange-brown. Trichomes mostly closely 
packed, wavy to irregularly contorted, rarely parallel, 08-1.8j» in diameter, 
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with indistinct cross walls, not constricted at the cross walls, pale blue-green. 
Sheaths confluent into an amorphous slimy matrix. Cells cylindrical, 2-4 p. 
in length, mostly with homogeneous contents, sometimes with 1-2 granules ; 
cross walls not granulated. End-cells feebly broadened, truncate to sub- 
truncate, with slightly thickened end membranes. 



Fig. C4 — Phormidtum truncatum var th&rmale 
(X2800). 


The var. th&rmale differs from P. truncatum in the color ot the stratum, 
size of the trichomes, entanglement of the filaments, and in the granula- 
tion of the cell contents. It resembles it in having distinctive truncate 
apices and in its general microscopic aspect. 

The only locality for it is a small spring on Bijou Geyser cone. Upper 
Geyser Basin (type: no. 440). It was growing on Phormidvum vesicur 
losum (of this paper) and modifying the aspect of that plant very sharply. 
The normally soft, pale bluish, stalked vesicles were thicker, slightly 
wrinkled, and were coated with an orange-brown slimy layer. The plants 
were in shallow water at 48.3° 0. and pH. 9.0. 
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13. Phormiditjm rtjrrtjm Tilden 
Bot. Gaz. 23, p. 100, 1898. 

Stratum gelatinous, thin to thick, mostly buried or underlying other algae, 
scarlet, pink, or flesh colored, faintly blue-green tinged when in strong light. 
Filaments more or less flexuous but not contorted, loosely entangled. Sheaths 
thin, diffcultly visible, mostly confluent. Triohomes 0.9-1.2/* in diameter, 
fragile, not constricted at the cross walls ; apices straight, not tapering. Cells 
OG-1.2 diameters in length; cross walls inconspicuous, not granulated; cell 
contents dull pinkish-yellow to bluish-green. End-cells rounded, neither capi- 
tate nor calyptrate. 

This plant was inadequately described from the Yellowstone by Tilden. 
She found it in the overflow of a small spring between the Upper Basin 
and the Midway Geyser Basin, growing in tepid water. It has not been 
reported since then. Her description has been amplified to include a few 
additional features. 

In this study it was noted in the Upper Geyser Basin: Bijou Geyser 
(nos. 434, 437), at 4 2— 16° C., pH. 8.95, small spring near Grand Geyser 
(no. 391), at 58° C., pH. 8.05; in the Twin Buttes Begion: Spray Geyser 
(nos. 428, 437), at 33.1-42° C., pH. 8.85-8.95. The alga is one of the 
most striking plants of the Park, and the color is highly unusual. Un- 
fortunately the preferred habitat, beneath the surface of porous sinter 
and under the strata of other algae, makes it difficult to find. 

14. Phormidium purpurascens (Ktitz.) Gom. 

Jour, de Bot. 4, p. 355, 1890. 

Stratum leathery, purple to violet-brown. Filaments strongly contorted and 
interwoven. Sheaths easily visible, thin, later incompletely confluent. Tri- 
chomes not constricted at the cross waUs, 1.5-2.5/* in diameter, dull violet to 
bluish violet; apices straight, not tapering. Cells 1-2 diameters in length, 
2.04.5/* long; cross walls mostly with 1-2 granules on each side; end-cells 
rounded, neither capitate nor calyptrate. 

This probably cosmopolitan species is known from standing water, 
moist rock cliffs, and hot springs in Europe and North Africa. Tilden 
(1897) reported it from the Yellowstone. Later (1910) she stated: 
“Further study proved that the Yellowstone specimens should be placed 
under Hypheothrix calcicola (Ag.) Bab ” She thought that her record 
for P. purpurascens should be considered valid, since there might have 
been a mixture of the two plants ! 

In the Park it seems to be uncommon. It was noted only in the White 
Elephant Grottoes at Mammoth Hot Springs (no. 94), at 51.1° 0., pH. 
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7.0, The author has found the species also at Hot Springs, South Dakota 
(no. 7), where it grew in great profusion on the cement dam and spillway 
of a tepid spring at cir. 27.5° C. 

14A. Phormidium purpuras gens (Ktitz.) Gom. 
var. laminatum, var. nov. 

Stratum extended, made up of thin gelatinous lamellae interspaced with 
limy layers, fragile and up to 1 cm. in thickness, purplish-brown. Trichomes 
flexuous, often straight, 1.0-1,4/t in diameter. Sheaths mostly confluent, 
usually invisible. Cells 2-4 diameters in length, 2-6/* long. 

The more slender trichomes, longer cells, less prominent sheaths, and 
laminate strata distinguish this variety from the species. 

Found generally in the Mammoth Hot Springs, the plant is common 
and abundant. It has been observed rarely outside of this limited area. 
The type (no. 79) is from the Orange Spring Mound, Jr., growing at 55° 
C. and pH. 6.9. The springs in which it has been noted include Orange 
Spring Mound, Jr. (nos. 77, 78, 79, 80, 81, 82), White Elephant Spring, 
White Elephant Grottoes, Diana Terrace (no. 201), Main Terrace (no. 
229), Angel Terrace, Cleopatra Terrace, Hymen Terrace, and others in 
the Mammoth Group ; a single spring in the Meadow Springs Group (no. 
185); and a single spring in the Artist’s Paintpots (no. 299). The 
variety is clearly thermal and is most abundant at temperatures be- 
tween 45° and 60° C., and at acidities of pH. 6.9— 7.6. It was noted at 
the extremes of 43.6° C. and 64.9° C., pH. 6.45 and 7.75. 

15. Phormidium ramosum Boye Pet. 

Freshw. Cyanoph. Iceland, p. 281, 1923. 

Stratum consisting of slender, divided, and branched, taper-pointed, often 
somewhat confluent or free-waving corded strands up to 15 cm. (or more) in 
length, usually less, attached variously or arising from an extended basal 
stratum, blue-green. Sheaths mostly confluent. Trichomes parallel or 
lightly interwoven, more or less straight, not constricted at the cross waUs, 
1.3-1.9/t in diameter. Cells 2-3 diameters in length, 2.9-5.1/a long. Apices 
straight, not tapering. End-cells rounded, with thickened end membranes, 
not capitate. 

The plant has been reported only from warm water in Iceland. 

In the Yellowstone it has been found in abundance in the quite basic 
waters of Spray Geyser, Twin Buttes Kegion (nos. 414, 416, 417, 418, 
421, 422, 423). It grew in the overflow rill of the geyser, and in places 
almost choked it. It was in water that at the upper limit of growth of 
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P. ramosum was at 65° C., pH. 8.6, at the lower limit at cir. 37.4° C., 
pH. 8.95. The alga extended down the rill to the point of its junction with 
Imperial Geyser overflow creek, and was present in this stream in small 



Fio. 65 . — Phormidium acidophllum (X2140). 


quantities for a few hundred yards below. The corded strands of the 
plant were often covered with epiphytic species of Synechococcus . The 
temperature of the water in Spray Geyser rill is more constant than in 
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most geyser overflows, due to the almost uninterrupted eruptions. The 
temperatures given above are the lowest reached during the geyser cycle. 
The temperature rose 0.9-4.3 0 C. during the cycle, at various points in the 
stream. The greatest variation took place at and near the vent. 

16. Phormidium acidophilum, sp. nov. 

Stratum extended, soft spongy-gelatinous, not lamellate, dull yellowish blue- 
green throughout, up to 5 mm. in thickness. Trichomes mostly rather thickly 
placed, entangled and contorted, or less often more or less flexuous and paral- 
lel, frequently rolled, not constricted at the cross walls, 1.8-2.4/* in diameter ; 
apices straight, uniform. Sheaths completely conlluent, mostly invisible. 
Cells 1.5-2.5 diameters in length, 2-6/* long ; cell contents mostly with coarse 
granules and always with numerous fine granules, not granulated at the cross 
walls. End-cells rounded, without calyptra. 

There is a close resemblance between P . acidophilum and P. valderianum 
(Delph.) Gom. The two may be separated by several criteria. The gran- 
ular cell contents and ungranulated walls of P. acidophilum are in direct 
contrast to the latter, the less prominent cross walls and sheaths of P. 
acidophilum are distinctive, and the contorted and rolled trichomes are 
not found in P. valdei'ianum; the strata of the species are different in 
color, texture, and appearance. 

The plant has been found in the acid springs of the Mud Yolcano Group. 
The type (no. 68) is from a small unnamed spring just east of the Mud 
Volcano, where it grew at 40.3° C., pH. 5.1. The species is quite abun- 
dant in this group of springs, but has not been found elsewhere. It oc- 
curred at from 30.9° C. to 54.7° C., from pH. 4.85 to 5.45, mostly im- 
mersed but sometimes on wet mud. 

17. Phormidium geysericola, sp. nov. 

Stratum tough, fibrous, not lamellate, usually with numerous included 
granules of silica, up to 3 cm. in thickness, with corded streamer-like projec- 
tions up to 10 cm. in length and up to 1 cm. in diameter, pale salmon to yel- 
lowish, whitish below. Filaments very long, straight, and mostly parallel, 
not crowded, trichomes not constricted at the cross walls, 0.4-0 .6/* in diameter, 
pale blue-green, often yellowish and almost colorless ; apices neither tapering 
nor capitate. Sheaths hyaline, completely confluent into a generally colorless 
matrix. Cells 1-2 diameters in length, 0.4-1.0/* long, and not granulated at 
the cross walls ; cell contents homogeneous ; cross walls inconspicuous and for 
the most part difficultly visible. End-cells rounded, unmodified. 

P. geysericola is similar to P. bijahensis (of this paper) and to P. sub- 
terraneum (of this paper). The three are readily separated by the ap- 
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pearance of the strata. In this regard P. geysericola is decidedly distinct. 
Microscopically the trichonies are more parallel in this species than in the 
other two ; they are less crowded and the cells are shorter. The distribu- 
tion of tho three is distinct. 

The species lias been found in four springs. The type (no. 329) is 
from Riverside Geyser, Upper Geyser Basin, where it grew on the rim 
of the geyser indicator. It received water at cir. 79° C. for about two 
hours before each eruption, and was never below 65° C. (at least for 



Fig. 06 . — Phormidium gey- 
eericola (X3000). 

several weeks at a time). Tho water varied from pH. 8.6 to 8.9 during 
the approximately seven-hour geyser cycle. A second collection was made 
in a spring at the edge of the Lower Geyser Basin near the service road 
that passes along the Fairy Creek Valley. In this spring (nos. 406, 407) 
the alga was at 78-84° 0., and pH. 8.8. The growth in both places was 
prolific but not extensive. In lesser abundance it has been found in the 
Twin Buttes Region: Spray Geyser (no. 420), at 69° C., pH. 8.6; and 
Midway Geyser Basin; Excelsior Geyser Crater (no. 358), at 59.3° C., 
pH. 8.3. The species seems to occur only in very specialized habitats, 
where the water is hot and agitated; it is a well marked thermal limital 
species. 
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18. Phormidium subterraneum, sp. nov. 

Stratum extended, soft leathery, up to 1.5 mm. thick, easily tom, surface 
sometimes tomentose with dendritic lime ; yellowish green to grayish within. 
Trichomes more or less parallel or irregularly disposed, often contorted, 
densely packed, cir, 0.4/* in diameter, not constricted at the easily visible 
cross walls, yellowish green ; apices straight, not tapering. Sheaths confluent, 
invisible, without pigmentation. Cells 2-3 diameters in length; end-cells 
rounded, not calyptrate. 

This species resembles P. bijahensis (of this paper), but is easily sep- 
arated from it by the non-pigmented matrix, the texture of the stratum, 
and by the easily visible cross walls. The two cannot be confused either 
microscopically or in nature. 

The plant was first encountered in the Sunken Spring, Mammoth Hot 
Springs (type: no. 143), at 41° C., pH. 6.35. Here it formed an almost 
pure stratum in a spring pool. The spring occupies a pit-shaped sink 
about five feet deep, and has no above-ground outlet. The water is mostly 
a few inches deep, and the algal growth overlaid a soft muddy marl in the 
shallow water. It has been found alsQ in the Artist’s Paint Pots : small 
spring (no. 298), at 62.1° CL; Elk Park: spring in north-east section 
(nos. 215, 216, 217), at 63-72.4° CL, pH. 8.15-8.25; and in the Meadow 
Springs: two small springs (nos. 190, 193), at 63.5° C. and 62.2° CL, pH. 
6.95 and 5.4. The plant grew in the spring pools in every case, and was 
sharply limited to quiescent waters. 

19. Phormidium bijahensis, sp. nov. 

Stratum salmon-pink, flesh-colored or red, often mixed with other algae 
or poorly developed, up to 2 mm. in thickness, soft spongy to flocculent; at 
high temperatures filaments often free or in small clumps. Dllaments packed, 
twisted and contorted, or for short distances straight to fiexuous, with com- 
pletely confluent sheaths. Sheaths thin, soft, confluent into a general homo- 
geneous matrix, hyaline or in masses pinkish. Trichomes twisted, often 
crooked, rarely straight, 0.3-0.5/* in diameter, long or at high temperatures 
often fragile and short, not constricted at the cross walls. Colls 1.5-3.0 
diameters in length, pale blue-green, with inconspicuous cross walls. Apices 
straight, not tapering; end-cells rounded, unmodified. 

This very minute species is distinct. In dimensions it comes close to 
P. geysericola (of this paper) and P. subterraneum (of this paper). Its 
stratum is quite different from these, and its distribution is different. 

Up to the present the plant has been noted in the Bijah Spring Group : 
Bijah Spring (nos. 122, 129, 130, 131, 132, 133) ; Lower Geyser Basin: 
Five Sisters’ Springs (no*. 397) ; Midway Geyser Basin: Excelsior Geyser 
Crater (no. 358) ; and the Meadow Springs: unnamed spring (no. 180). 
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In the Bijah Spring it was very abundant and extended from the spring 
crater at a temperature of 78.5° C. down the overflow rill for several 
yards to water as cool as 39.8° C. In the Five Sisters 3 Springs it grew in 
water at 82° C. and in one of the Meadow Springs in water at 85.2° C. 
This extraordinarily high thermal tolerance places it in the group of 
species that includes Oscillatoria filiformis (of this paper), up to 85.2° C., 
Phormidmm geysericola (of this paper), up to 84° C., Synechococcus 
eximius (of this paper), up to 81° C., and Pluto caldarvus (Tilden), up 
to 80° 0. At temperatures of 75° C. and above the strata of the plant 
are poorly developed and involution iorms are frequent. Its best growth 
occurs at cir. 60° C. It has been noted in waters with acidities ranging 
from pH. 8.3 to 6.1. (Bijah Spring has water that varies from pH. 7.1 
at the vent (79° C.) down to pH. 8.65 at the terminus of its main over- 
flow rill (21.2° C,). The type (no. 132) grew at 64.1° C. and pH. 7.95, 
in the Bijah overflow. The plant is clearly a thermal limital species. 

LYNGBXA Agardn 
Syst. Alg., p. 25, 1824. 

Trichomes single in thin to moderately thick, firm, distinct sheaths, which 
are either homogeneous or lamellate, colorless or less often pigmented. Fila- 
ments straight, flexuous, contorted, or spirally twisted, attached basally, later- 
ally for their entire length, or in the middle, or mostly without any method 
of attachment, united into more or less definite strata, scattered or solitary. 
Trichomes sometimes constricted at the cross walls; apices often specialized 
and end-cells sometimes calyptrate. 

The division of the group into the subgenera Eeteroleiblemia, Lett- 
leinia, Spirocoleus, and Eulyngbya (Geitler, 1932) is of assistance in the 
handling of the group. All of these sections are represented in the Yel- 
lowstone. 

IJnlike the allied genera Phormidium and Oscillatoria, Lyngbya is un- 
important in the thermal springs. Of the close to one hundred species, 
only seven have been noted in thermal water. These species : L. maior 
Mcnegh., L. nigra Ag., L. Martensiana Menegh., L. luiea (Ag.) Gom., L. 
Molishi Vouk, L. Lkermalis Bab., and L. aestmrii Liebm., are with excep- 
tions known from very few warm springs, and from moderately warm 
water only. There are no records of thermal forms from the United 
States. The plants are found in salt, brackish, and fresh water, free- 
floating or attached, often epiphytic, or on damp soil, rocks, etc. A few 
are planktonic. 

In the springs of the Park Lynglya is poorly represented by unim- 
portant, mostly transitional thermal types. 
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Key to the Yellowstone Species. 

I. Filaments attached by the base, erect. L . Kuctzingii 1. 

II. Filaments not basally attached, but often attached by the middle or 
broadly, or without attachment. 

1. Filaments definitely attached to the substratum. 

A. Cells l-2n long. L. cpipliytioa 2. 

B. Cells 2.5-6.0/* long. L. calotrichicola 0. 

2. Filaments not regularly attached, often in attached strata. 

A. Filaments spirally twisted. L. sudspiroidcs 4. 

B. Filaments not spirally twisted, often contorted. 

a. Filaments planktonic; with pseudovacuoles. L cryplovagfuata 5. 

b. Filaments not planktonic; without pseudovacuoles. 

♦. Trichomes 3.5-4.0/* in diameter; filaments 3.6-50/* in 

diameter. L. Kuetzingiana C 

* ►. Trichomes 4r-6/* in diameter ; filaments 5-7/4 in diameter. 

L. aeruginco-cacrutea 7. 

1. Lyngbya Kubtzingii Schmidlo 
Allg. Bot. Zeitschr., p. 58, 1807. 

Syn. : Leibleinia Martensiana Kutzing, Bot. Ztg. 5, 1847. 

Filaments attached by a basal end, erect, straight or nearly so, stiff, soli- 
tary or gregarious, 2-3.5/* in diameter, mostly short and 30-70/* long. Sheaths 
narrow, firm, colorless, often extending beyond the trichome end. Trichomes 
1.5-2.0/* in diameter, not constricted at the cross walls ; pale blue-green. Cells 
0.3-0.6 diameter in length, not granulated at the cross-walls ; end-cells rounded, 
unspecialized. Hormogonia produced at apices of filaments. 

Growing mostly on filamentous algae in standing and slowly flowing 
water, this plant has not, to my knowledge, been reported from North 
America. This absence of record is probably due to its small size rather 
than its rarity. The author has noted it at Falmouth, Massachusetts, in 
several ponds, growing on Scytonema crispum (Ag.) Born, and on rocks. 

In the Park it is common in all the larger ponds and lakes, except those 
of abnormal acidity or excess silt. In semi-thermal wafers it is locally 
abundant. It has been noted in sites with elevated temperatures in the 
Upper Geyser Basin: Firehole River opposite Biscuit Basin (nos. 431, 
432) on Cladophora , at 22.5° 0., pH. 8.2 ; and at Mammoth Hot Springs : 
Jupiter Terrace (no. 238) on Galothrix ihermalis (Schw.) JIansg., at 
20° 0., pH. 8.3. It is evidently strictly non-tliermal and barely finds a 
foothold in the cooler waters of some springs. 

2. Lyngbya epiphytica Hioron. 

in Engler-Prantl, Nat. Pflanzenf. I, 1, a, p. 67, 1808. 

Ellaments epiphytic, attached for their entire length, twisted around other 
filamentous algae in close or loose spirals, 1.5-2.0 /* in diameter. ►Sheaths 
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thin, colorless. Trichomes 1.0-3 .5^ in diameter, not constricted at the cross 
walls ; apices unspecialized. Cells 1-2 n in length, not granulated at the cross 
walls; end-cells rounded. 

Cosmopolitan on filamentous algae (Lyngbya, Oedogonium > Cladophora , 
Stylonema , etc.) in standing and flowing fresh water, less often in brack- 
ish and salt water, it is difficult to understand the scarcity of records for 
North America. Setehell and Gardner (1910) reported it from the 
Pacific eoaRt. It has not been noted inland. The author has found it in 
Massachusetts, New York, Indiana, and Wyoming in cool water. 



Fig, 07 — Lyngbm calotHchicola , 
on illnmoni of Calothrijo liatlcyl 
(X830). 


In the Yellowstone it iR commonly present in the rivers but is absent 
from i i uly thermal silos. It was found in the Firehole River opposite the 
Biscuit Basin (no. 1J5S) at 28.5° C., pTT. 8.8. At this point the water is 
feebly warmed by overflows from the geysers and hot springs, and several 
typical thermal algae were present. 

8. Lyngbya calotrichicola, sp. nov. 

Filaments on and among other filamentous algae, in part wound in close 
spiral coils around tlio filaments, in part loosely and irregularly twisted 
around them, and in part irregularly disposed on and between them. Sheaths 
thin, colorless, difficultly visible. Trichomes 1.3-1.6/4 in diametei*, not con- 
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stricted at the cross walls, pale blue-green; apices unspecialized. Cells 2-4 
diameters in length, 2.5-6. 0^ long, not granulated at the often inconspicuous 
cross walls ; end-cells rounded. 



Fig. 68. — Lyng'bya subspiroides, 
left, filament showing lax spiral 
twisting (X325); right, tip of 
trlchome (X1250). 

This alga, while dose to L. epiphytica Hieron. and its Yar, aqucte-dulcis 
Gardner, is readily separated from them by its long ™>Ha . 
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It has been found upon and among Calobhrix Baileyi (of this paper) 
in great profusion at the Boiling River near the small falls at its mouth 
(type : no. 201 ), at 35.2° 0., pH. 6.6. The Galothrix was on the wet bank 
of the stream and on rocks in the stream bed, where it received the warm 
spray from the falls. Tlio Lyngbija was in part in such abundance that 
many of the filaments were among and between the Calobhrix rather than 
on it. Where it occurred in lesser profusion, it was regularly epiphytic. 
The growth of the Cabobhrix (all of which was infested) extended for 
quite mi area, and the temperature varied from cir. 26° C. to cir. 40° C. 

4. Lyngbya subspiroides, sp. nov. 

Filaments epiphytic on tlie strata of gelatinous Myxophyceae, long, up to 
2 mm. in length, loosely spirally twisted or sometimes irregularly contorted, 
3.5-4.S/* in diameter. Sheaths very thin, often almost invisible, firm, homo- 
geneous, hyaline. Triehomes very feebly constricted at the cross walls, 
3.3-4.2 /* in diameter. Cells cylindrical, l 3 /i-2 diameters hi length. 3.0-10/* 
long; cell contents bright blue-green, granular, not granulated at the cross 
walls; end-cell elongate, conical with a narrowly rounded unthickenod apex, 
up to in length. Ilormogonia long. 

This species is quite distinct from the other members of the genus. 

L . subs pi raid os is known from a single collection only. The type ma- 
terial (no. 320) was found growing in a mixed stratum of Cylindro^per- 
nnun stagnate (Kulz.) B. & V. and Masbigocladm laminosus Cohn in 
shallow water in a small scop on the side of Imperial Geyser crater. Twin 
Buttes Region, at 1 L° 0. 

3. Lyngbya crypto vagi nata Sclikorb. 
after Goitler in Pasehor, Stisswassorfl. 12, p. 401, 1923. 

Filaments solitary, free floating, straight, 4-9/* in diameter. Sheaths color- 
less, homogeneous, dedicate, at first dlillcultly visible, at length evident. Tri- 
elioxues 1-7/* In diameter, lightly constricted at the cross walls, blue-green; 
apices unsptH.*ializc‘d. Cells 0,5- 1.0 diameters in length, with psoudovacuolos. 
lOnd -cells rounded. 

This poorly known species was described from IT^S-containing water 
in Ukraine, and has not been reported since. 

Found in abundance in the Firehole River opposite the Biscuit Basin 
(no. 132) at 22.5° 0., pTE. 8.2, this plant has little claim for recognition 
as a thermal alga. 

6, Lyngbya Kuetzingiana Kirchn. 

Alg. Schles., p. 242. 

Stratum membranous, lamellate, bright to olive blue-green above, paler and 
almost colorless within. Filaments 3,6-5.0/* in diameter, contorted. Triehomes 
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blue-green, 3.5~4.0 /a in diameter, lightly constricted at the cross walls in the 
apical portions, elsewhere not constricted. Colls cir. 1 diameter in length, 
granulated at the cross walls. Apices not tapering ; end-cells blunt conical or 
rounded, not calyptrate. 

Growing on moist soil, on wet rocks and among mosses, this plant has 
been known only from Europe. 

In the Yellowstone it has been found on the wet walls of the Stygian 
Caves (shaded) at Mammoth (no. 151), at 10.8° C.,pH. 7.65; and on the 
base of the Riverside Cone, Boiling River Group (no. 272), at 16.9-23.8° 
C. In both sites it formed unmixed strata. 

7. Lyngbya aerugineo-caorulea (Kiitz.) Gomont 
Monogr. Oscill., p. 146, 1892. 

Stratum dun blue-green to blackish, or filaments scattered. Filaments 
flexuous to contorted, 5-7/* in diameter. Sheaths thin, firm, homogeneous, 
colorless. Trichomes 4-6^ in diameter, not constricted at the cross walls, 
pale blue-green. Cells 0.5-1.0 diameter in length, 2.3-6.0 fi long, with cross 
walls sometimes granulated and conspicuous, sometimes inconspicuous and 
not granulated. Apices not tapering; end-cells obtusely conical or rounded, 
rarely feebly capitate (?), with feebly thickened membranes. 

Growing in standing or flowing fresh water, often on dead waterplants, 
rarely on wet mud, it is cosmopolitan. It is frequent in the United States, 
and has been reported by W. and G. S. West (1900) from a warm stream 
in Dominica, West Indies. 

In the Park it has been found in the Upper Geyser Basin: cool spring 
(no. 335), at 17.9° C., pH. 7.6; and in the Lower Geyser Basin: White 
Dome Geyser (no. 405), at 19.2° C., pH. 8.4. In the former site it 
formed a pure growth, in the latter it was mixed with other Myxophyceae. 
The plant is at most a feeble invader of thermal situations. 

POIiXOHLAMIDUM W. & G, g. West 
Jour. Bot. 35, p. 271, 1897. 

Trichomes single or occasionally 2-3 in very thick, lamellate sheaths. 
Inner layers of sheaths firm and often brownish; outor layers gelatinized 
and always colorless, often nneven. ^laments straight or flexuous. Homo- 
gonia present. 

Type species: Polychlamydum insigne W. & G. S. West. 

Of idle three species of the genus, P. insigne was found on water plants 
in a lake in Africa, P. varium Ghose was noted on the bark of trees in 
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India, and P. calcicolum Kuft. was described from a waterfall in Luxem- 
burg and subsequently found at the Mammoth Ilot Springs in the Yellow- 
stone. 

In the Yellowstone the genus is unimportant. 

A single Yellowstone species. 

1. I\)iA ’ 0 11 lam y D u m CALCICOLUM Kufferath 
Ann. biol. lac., 1014. 

Filaments cir. 30/* in diameter by mostly cir. 300-320 /* in length. Tri- 
chomes single in the filaments, cir. 4/* In diameter, blue-green, tapering 
gradually toward the ends. End-cells subtruncate. Trichomes more or less 
constricted at the cross walls. Colls 3-8/* in length. Sheaths very thick, 
cir. 12-13/*, lamellate with the inner layers firm, the outer softer and gelatin- 
ous, colorless, with smooth surfaces. 

There seem to be just two records for the plant: it has been found in 
the lime incrustation in a water Cal] in Luxemburg, and in the lime de- 
positions of .lupiter Terrace, Mammoth Hot Springs, Yellowstone. The 
latter record was made by Pr&t (1929) . 

In the present study the plant has been fonnd once, in Angel Terrace, 
Mammoth Hot Springs, growing with species of Pkomidium and Galo - 
(hrix thermal is (Schw.) Hansg. at 28. G° C. and pH. 8.15. Prom Prat's 
observation and from the single collection above, it seems probable that 
the plant is generally present in the springs at Mammoth, but it is not 
abundant. 


SYMPLOCA KUtzing 
Phyc, gen., p. 201, 1843. 

Trichomes solitary in thin sheaths. Filaments sometimes with false branch- 
ing, unit (Ml into extended strata, at first prostrate, later in part united into 
numerous erect (or less often prostrate) fascicles that arise from the 
stratum as conical, often anastomosing tufts. Sheaths firm or somewhat 
slimy, often laterally coniluent except at tips. Trie homes straight, often 
feebly tapering; end-cells never capitate but often lightly ealyptrate. 

The majority of the species arc subaerial, several occur in fresh water, 
several in salt water, and six have been reported from warm and hot 
springs. The known thermal species are: S. thermdis (Kutz.) Gom., 8 . 
dubm (N*aog.) Gom., 8. Menegheniana Kutz., S. Yappii G. S. West, 8. 
elegans Kutz., and S . Nemecii Prat. Of these only 8. Nemecii has been 
recorded from thermal waters in the United States. 

In iho Park four very conspicuous but quite infrequent species occur. 
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Key to the Yellowstone Species. 

I. Trichomes 2.8/4 In diameter or greater. 

1. Trichomes 4.0-5.5/4 in diameter; not constricted at the cross walls. 

S. muscorum var. catdariorum 1A. 

2. Trichomes 2.8-3.4/4 in diameter; feebly constricted at the cross walls. 

S. cavrmarum 2. 

II. Trichomes 2/t in diameter or less. 

1. Trichomes 1.3-2.0/4 in diameter; cells 3-7 diameters in length. 

S. clog am var. pulchcrrima 3 A. 

2. Trichomes cir. 1/4 in diameter ; cells 0.7-1.5 diameters in length. 

S. NcmecU 4. 

1A. Symplooa mtjscorum (Ag.) Gom. var. caldariorum Lemm. 

Krypt.-Fl. Mark Brandenb. 3, p. 143, 1910. 

Stratum pale blue-gray to bluish violet, leathery. Filaments contorted, 
twisted, united into mostly prostrate fascicles that are more or less confluent 
into a plane stratum. Sheaths thin, firm io soft and ccnfluont, up io 2/x 
thick. Trichomes 4.S-5.5/4 in diameter, not constricted at the cross walls. 
Cells 1-2 diameters in length, 4.0-10/4 long, pale steel-blue ; end-cells broadly 
rounded, often feebly calyptrate. 

Known from greenhouses in Europe, this plant is new to the North 
American flora. 

It has been noted a single time in the White Elephant Groitoes at the 
Mammoth Hot Springs (no. 91), at 28° 0., pH. 8.1. In that place it 
covered several square feet of moist shaded rock. 

2. Symploca cavemarum, sp. nov. 

Stratum extended, cartilaginous, up to 1 cm. in thickness, dark bluc-greeu 
to steel-blue, whitish beneath, with massive bundles of filaments up to 2 cm. 
in length and as much as 2 cm. in diameter at base, tipped with few to numer- 
ous slender, free fascicles 3-5 mm. long and up io 1 mm. in diameter at base. 
Filaments thickly interwoven, entangled below, and more* or less parallel 
above, 3.8-3.0/* in diameter, with occasional branching, Sheaths firm, distinct, 
homogeneous, colorless, often empty in basal parts and at tips of fascicles. 
Trichomes steel-blue, feebly constricted at the thick cross walls, 2.8-t3.4/* in 
diameter. Cells with homogeneous or sparsely granular contents, 15-3.5 
diameters in length (mostly cir. 2 diameters) ; end-cells broadly rounded, 
neither capitate nor tapering, with unthickenod membranes. Ilormogonia 
2-many celled. 

This species is quite distinct. Its recognition without microscopic ex- 
amination is easy, due to the peculiar massive and often botryoidal masses 
upon which the majority of the fascicles are borne. When the plant is 
found upon the roofs of caves, the fascicles are pendant from stalactitic, 
tapering basal masses ; when on vertical walls, they are at right angles to 
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the surface and anse from rounded masses ; and when on the upper sur- 
faces of Tocks, etc., the erect fascicles arise from low, rounded masses. 
The orientation seems to bo definitely at a Tight angle to the substratum. 



Fig. 00 . — Rymiiloca cavcrnarum (X1000). 


The species inhabits, so far as is known, caves and other deeply shaded 
situations. It has been found only in the region around the Mammoth 
Hot Springs and Boiling Hirer. It grew in the Stygian Caves and the 
White Elephant Grottoes at Mammoth, and in the Boiling River Oaves. 
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The type (no. 95), from the White Elephant Grottoes, was at 19° 0. and 
pH. 8.1. The plant has been observed at temperatures from 16° C. to 
28.5° C., and in alkaline conditions, pH. 7.G-8.1. 

3 A. Symploca elegans Kiitzing 
var. pulcherrima, var. nov. 

Stratum extended, lightly incrusted with silica in the lower portions, orange- 
brown on surface to whitish within, bluish-green in lower portions, bearing 
erect fascicles that are more or less completely anastomosed into taper-shaped 
and often adherent processes up to 2.5 cm. in height, fibrous-gelatinous, often 
brittle. Fascicles with filaments parallel, erect ; basal stratum with filaments 
contorted and Interwoven. Sheaths moderately thick, firm. Trichomes 1.3-2.0pt 
in diameter. Cells elongate, 3-7 diameters in length, not constricted at the 
cross walls, mostly with a single granule of considerable size on each side of 
the cross wall. End-cells slightly narrowed, apices rounded. 

The variety differs from S. elegans in the length of the cells, and in 
the color and structure of the stratum. The plant is strikingly handsome. 
Its richly colored chocolate-brown and orange-brown strata clothe the 
pools of several hot springs in the TJpper Geyser Basin, and aid in their 
often notable ornamentation. The height of the erect tufts is unusual and 
the plant is regularly noted by the casual visitors in the Yellowstone. It 
seems inconceivable that no botanist should have noticed the plant pre- 
viously. The lack of recognition of the plant cannot be attributed to con- 
fusion with other species of Symploca — the genus had not been reported 
from the Park until 1929. 

It has been found in basic waters of the Upper Geyser Basin : Wave Pool 
(type: no. 388), Bijou Geyser (no. 438), Chromatic Spring, Maggie Pool, 
and Beach Spring. It was in water at 37-48.5° C., pH. 8.1-8.95. 

4. Symploca Nemecii Pr&t 

Studie o Biolithogenesi, N&k. £esk6 Ak., p. 98, 1929. 

Stratum blue-green to orange-brown, extended or often poorly developed, 
with erect conical tufts made up of confluent fascicles of filaments; erect 
tufts up to 5-8 mm. high, flattened or fluted; fascicles anastomosing. Fila- 
ments contorted and thickly interwoven below, straight and parallel above, 
mostly confluent. Trichomes very pale blue-green, scarcely or feebly con- 
stricted at the cross walls, 0.8-1.3/* in diameter. Cells 0.7-1.5 diameters in 
length; end-cells rounded or bluntly pointed, not calyptrate. Sheaths color- 
less to very faint orange, smooth, soft. 

Pr&t studied this plant in pure culture; his material was secured from 
the Yellowstone, where he found it in warm and cool waters in the traver- 
tine deposits of Jupiter Terrace, Mammoth Hot Springs. 
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It has been noted in Jupiter Terrace* Main Terrace* and in the Bine 
Pools at Mammoth* growing in shallow water at 27-39.7° C., pH. 7.3- 
8.05. The strata rarely occur in an unmixed state but* when they do, the 
alga is handsome. The stratum is frequently indurated with lime. The 
plant in nature is somewhat more variable than Prat’s observations on it 
in culture indicate. Ilis description has been modified in a few respects 
to cover these features. 

Cyanohydnum, sen. nov. 

Stratum bracket-shaped, laterally attached, fibrous-cartilaginous to gela- 
tinous, with a distinct outer membrane, firm, bearing on the lower surface 
numerous, slender fabcicles of filaments that become detached and serve to 
propagate the plant. Filaments entangled along face of attachment of thallus, 
straight and parallel and rather distant in body of thallus, twisted and close 
in ventral fascicles. Sheaths more or less confluent into a general matrix. 
Trichomas Phormidi urn-1 ike. Ilormogonia absent. 

Type species: Cyanohydnum cilialum . 

The general aspect of the plant body of Cymohydnum recalls the later- 
ally attached bracket fungi of the Uydnaceae. However* the much thicker* 
more massive body makes the analogy a little distant. While unmistak- 
ably related to such Oscillatoriaceous genera as Pliormidium and Sym- 
ploca , the structure of the thallus is distinctly more specialized (and along 
different lines) than in these genera. The plant is one of the most un- 
usual of the Myxophyceae. 

A single species. 


1. Cyanohydnum ciliatum, sp. nov. 

Thallus bracket-shaped, sessile, attached broadly and projecting freely 
away from the support, cartilaginous to firm-gelatinous, obscurely fibrous 
with the fibers more or loss radiating from the region of attachment, orange- 
brown to yellowish brown, often whitish at attachment surface, with numer- 
ous fine capillary, often branching, flexible blue-groou fascicles on the ventral 
surface. Outer membrane firm and distinct except below and at region of 
attachment. Brackets up to 4 cm. broad (mostly cir. 3 cm.), up to 15 cm. 
long (often appearing of indefinite length due to confluence), up to 3 cm. in 
thickness at region of attachment, and rapidly tapering to cir. 8 mm. in 
thickness at the edge; ventral surface mostly sloping. Ventral process 2-5 
mm. long, very slender, up to 150g. in diameter, with numerous trichomes 
twisted into irregular rope-like branching strands, clothing the surface with 
a fur-like blue-green layer; easily detached at maturity. Sheaths incom- 
pletely confluent into a general matrix; matrix very pale buff, Trichomes 
mostly straight and parallel, somewhat distant, in region of attachment en- 
tangled and dense, in ventral processes more or less twisted and dense, 
1.0 -1.3 fi in diameter, not at all or very slightly constricted at cross walls. 
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Cells 2-4 diameters in length ; cross walls often marked by a granule on each 
side; cell contents pale blue-green. Apices unspecialized; eutl-cells rounded, 
not calyptrate. 



Fig. 70 . — Cyanohydnum oiliatum, left, section through 
thallus. right, portion of thallus (diagrammatic) (XI). 


Along the edges of the rill of Spray Geyser and of Imperial Geyser over- 
flow creek, Twin Buttes Region, Cymohydnuvi ciliaLum forms an almost 
continuous projecting ledge wherever the temperature and other factors 
are favorable. In general it was attached to vertical sinter faces and ex- 
posed to strong current. The type (no. 311) was at 51° C., pH. 8.8, and 
was selected from the best portion of the growth. The total of the plant 
in this region was approximately 280 running feet of mostly confluent 
thalli. The bracket-shaped plants were so situated that the upper surface 
was exactly at water level. (There is little or no variation in the level of 
the two streams because the flow from the supplying springs is very uni- 
form. Imperial Geyser was very active for the first year of its life, 1928, 
but more recently it has been a quiescent hot spring. Spray Geyser, in 
opposition, erupts almost continuously.) The exact shape of the thalli 
varied with the contour of the bank and the pitch of the rock to which 
they were attached. The majority of the material examined was heavily 
infested with Synechococcus aremtus (of this paper) and lightly so with 
various other Myxophyceae. Immature thalli wore easily recognizable 
by gross or microscopical examination, although the generic features had 
not yet developed. The plants apparently are long-lived and can produce 
the ventral processes continuously for at least a few months. The tem- 
perature range noted for the plant was cir. 40-59° 0. The reaction of 
the water varied from pH. 8.65 to 8.85. The plant has not been encoun- 
tered elsewhere and it may be absent from other springs in the region. 

SCHIZOTHRIX Ktitzing 

Phyc. gen., p. 230, 1843. 

Trichomes single or more often few to many in a sheath. Filaments mostly 
united into definite or extended strata, less often solitary; strata mostly 
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attached, rarely free floating, leathery, membranous, felt-like, cushion-like or 
cacspitosc, frequently with erect fascicles arising from the surface. Sheaths 
moderately soft to Arm and tough, never confluent, thin to thick, homogeneous 
or lamellate, colorless or pigmented. Filaments richly to very sparingly 
branched. 

The division of the group into the subgenera Symplocastrum (stratum 
bearing erect fascicles ; sheaths colorless) , Hj/ph eolhrir (stratum leathery ; 
filaments densely interwoven; sheaths mostly colorless), Inaciis (stratum 
cushion-like; filaments cacspitoso, erect; sheaths mostly colorless), and 
Chromosiphon (filaments single or in variable strata; sheaths pigmented) 
is ol considerable value in the handling of the seventy or more recognized 
species. Many authors including Tilden (1010) and Gardner (1937) have 
recognized these divisions as genera. Their treatment is logical and there 
is little at stake in the matter. When the divisions are elevated to genera, 
Schizothrixh limited to the Chromosiphon species. 

The species vary greatly in habitat. The majority grow in fresh water, 
standing or flowing, many on damp soil, rocks, bark, etc., a few are marine, 
a few epiphytic, at least one endophytic, and si\ have been recorded from 
thermal waters. The thermal forms are 8 . fragilis (Kiitz.) Gom., 8. 
tenuis Woron., 8. panniformis Itab., 8. calcicola ( Ag.) Gom., 8. penicillaia 
(Kiitz.) Gom. ami 8, hawaiensis Lenina. Of these only S . calcicola has 
been recorded from warm springs in North America. 

In the Y ellowstone the genus is not important. Four rather local species 
have been encountered in the investigation, representing the subgenera 
ITi/phoelhrix and (' hromosiphon . 

KkY TO TIUJ VrLLOWSlONE Oenkka 

I. Wheaths colorless. 

1. Trichomas 1.0-1.7p In diameter. 

2. Trichomes 3,0 n or greater in diameter 
A. Wheat Im homogeneous. 

It. Wheal hs lamellate. 

II. Sheaths pigmented. 

1. WciuzoTiimx CALCioor.A (Agardh) Gom. 

Monogr. OseilL, p. 307, 1802. 

Stratum extended, not indurated (or feebly so), leathery gelatinous, at 
first thin and blue-green, later often thick and dark to blackish blue-green, some- 
times yellowish. Filaments densely and intricately interwoven, twisted and 
contorted, very sparingly branched. Sheaths colorless, firm, of variable thick- 
ness, smooth and thin at first, thicker, feebly lamellate and roughened at 
maturity, with mostly a single tricliomo, sometimes with two and occasionally 


8. calcicola 1. 

8. cyanca 2. 
N. constrlcta 3. 
t/unnopfilla 4. 
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with several. Trichomes 1.0-1.7/a in diameter, not or sometimes feebly con- 
stricted at the often granulated cross walls. Cells 2-6/a long, with blue-green 
often granular contents, single granules on each side of cross walls often 
large and conspicuous. 

Growing on wet and dripping rocks, in small temporary rock pools, and 
in greenhouses, 8 . caldcola is known from numerous localities. It is 
probably cosmopolitan. It has been reported from thermal habitats in 
North America and Europe. Its presence in the Yellowstone flora has 
been based on the record of Tilden (1897). She first reported her mate- 
rial as Phormidium purpurascens (Kiitz.) Gom., later the record was 
corrected. Her report is of interest. She found it as a component of 
algal stalactites in a cave in the Lower Geyser Basin. The cave con- 
tained the vent of a hot spring, which splashed hot water over the stalactites 
at short intervals. 

In the present investigation it has been noted frequently in non-thermal 
habitats and a few times in subthermal situations. In the White Elephant 
Grottoes, Mammoth Hot Springs (no. 93) it was growing on the wet walls 
at 26° C. Elsewhere the plant grew in cooler sites. The acidity range 
observed was pH. 6.9 to 8.1. 

2. Sohizothbix oyanea Naegeli 
in Kiitzing, Spec. Algarum, p. 269, 1849. 

Stratum extended, leathery, rusty black to dull blue-green within. Trichomes 
thickly interwoven, constricted at the cross walls, 3.2-3.7/a in diameter, bright 
bluish. Filaments dr. 6.5/a in diameter. Sheaths thick, colorless, smooth, 
homogeneous. 

Known only from Central America and Europe, this species is found 
on moist rocks. 

In the Stygian Caves and on damp travertine in their immediate vicin- 
ity (Mammoth Hot Springs) it occurs in some profusion. The rocks of 
the shaded shallow grottoes are damp with cooled thermal water and in 
the sites occupied by 8. cyanea (nos. 116, 147) were at 12.8-14° C., pH. 
8.1. Elsewhere in the Park the alga is rare or at least has not been found 
in abundance. 

3. Schizothrix constricta, sp. nov. 

Stratum extended, orange-brown to bluish buff, up to 1 cm. or more in 
thickness, lamellate, the upper portion colored, the lower white and with 
mostly empty sheaths, vertically fibrous, heavily impregnated and incrusted 
with lime except for the cartilaginous surface layer of cir. 1.0-1.5 mm. Fila- 
ments closely packed, straight to flexuous and erect in upper portions, con- 
torted below, 6-14/a in diameter by up to 5mm. long, sparingly to rarely 
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branched, containing mostly a single trichome, rarely 2-3. Trichomes 3.0-4.2/* 
in diameter, not especially uniform, cylindrical or less often submoniliform, 
constricted at the thick cross walls. Cells cylindrical, often swollen, l.ft-5.0 
diameters in length; contents homogeneous or with occasional granules, dull 
blue-green to greenish in color. Sheaths firm, lamellate, hyaline or sometimes 
yellowibh, 1 .3-3.0/* thick, lamellae of variable thickness, very distinct ; sheaths 
for the most ]>art cylindrical and smooth, but constricted at frequent intervals, 
and sometimes with close series of transverse girdles, outer lamellae occasion- 
ally flaring. 



tfio. 71 . — tichteothriw constrict a , left, branched 
filament with constrictions (X105) ; right, 
filament with flaring outer lamellae (X450). 


This plant falls in tlio subgenus Ifypheothrix and appears to be dose 
to 8. NaegelU (Kiitz.) Q oilier, or as dose to it as to any in the genus. 
From this species it is separated by its longer cells, its often colored 
sheaths, its larger trichomes, its thick end walls, and its habitat. 

The only region in which it has been found is the Boiling River section 
of the Gardiner Canyon. The type (no. 270) is from the Riverside Cone, 
where it grew at 24° 0., pH. 6.6, on wet travertine. The species seems to 
favor deep shade and moist, not wet, situations at moderate temperatures, 
22-31° 0. 
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4. Schizothrix thermoplxila, sp, nov. 

Stratum extended, felt-like and leathery, up to 4 mm. in thickness, dark 
maroon in color ; terrestrial. Filaments long, contorted and tangled or rarely 
straight to flexuous for short distances, thickly interwoven, branching rarely, 
holding mostly a single trichomc, rarely two, 2.4-3.5/* m diameter. Trichomes 
1.7-2.4ju in diameter, often constricted slightly at the cross walls, often uncon- 
stricted and with inconspicuous cross walls. Sheaths faintly lamellate to 



Fig. 72 , — Schizothrix therm ophila, group of filaments, some 
shedding unicellular hormogonla (X900). 

homogeneous, firm, smooth, up to 0.6^ in thickness, pale reddish-brown, yel- 
lowish or pale orange, when young often hyaline. Cells 1.3-3.0 diameters in 
length, mostly with a few prominent granules often polar in position; end- 
cells rounded, unmodified. Hormogonla numerous, one-celled. 

The pigmented sheaths and the felt-like strata place S. thermopMa in 
the subgenus Chromosiphon. Its closest allies seem to he S. QomontU 
Weber van Bosse and S. fuscescens Kiitzing. From the former it differs 
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in having longer cells, less lamellate and thinner sheaths, and an unclabo- 
r alert stratum; from the latter, in its le^s frequent branching, its reddish 
sheaths and maroon stratum, and in having mostly single trichomes in the 
filaments. The unicellular hormogonia are unique. 

Growing with Hcyfonema caldarium Lermlre (of this paper), 8tigo- 
nma honnoides (Kiitz.) Born, ot Flail, and Albnghtia borluom (of this 
paper), this species is characteristic of the warm, wet edges and adjacent 
flats of the Hot Lake and Fireholc Lake region in the Lower Geyser Basin. 
The dark maroon hue of the alga is a prominent feature in the entire 
region. There ha\ o been, for the past several years, square yards of almost; 
pure 8. thennoph ila in the flats at the west end of Firehole Lake. In spite 
of its local abundance it has not been found elsewhere. It seems remark- 
able that so abundant a species, growing in a site visited by almost all 
who come to the Park, should ha\e remained unnoticed. It has been 
collected around the Black Warrior Springs, Hot Lake, Leather Pool, 
and Firehole I ake. its temporal ure range was from 2G° to 43° 0., its 
acidity range from pH. 8.0 to 8.9. The type (no. 401) was collected 
between Young Hopeful Geyser and Firehole Lake, at 31° 0. 

DASYCJLOEA Tliwaitos 

Trichomes comparatively few in a broad ample sheath, widely separated 
from each other. Sheaths hyaline to pale yellowish, lamellate or not, Arm 
or somewhat slimy. Filaments branched, often tangled, united into a slimy 
or gelatinous stratum. 

Type species: IJaxygloca amorpJuv Thwaites. 

The genus, until now, has been composed of a single species. This one, 
1 ). amorpha, is known in the United Stales only from Onoko, Pennsylvania 
(Wollo, 1 «S7 7 ) . There arc no previous records of Ihwyglom from thermal 
sources. 

A single Yellowstone species. 

1, Dasygloea yellowstonensis, sp. nov. 

stratum thin, grayish green, gelatinous, fibrous, poorly developed; often 
mixed with other algae. Filaments twisted and entangled, uneven, gradually 
tapering at the apices, sparsely to frequently branching, up to 5(fyt in diameter 
and 1 mm. or more in length. Sheaths hyaline or pale yellow-brown within 
and hyaline without, lamellate, wide, uneven outside, and often dirt-covered. 
Trichomes X to 8, mostly 3 to 5, in a filament, in diameter, not con- 

stricted at the cross walls. Cells long-cylindrical, 2 to G diameters in length ; 
with densely and coarsely granular contents, blue-green; cross walls often 
inconspicuous. End-cell rounded, neither tapering nor capitate. 
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D. yellowstonensis differs from D. amorpha in having more slender 
trichomes, nnconstricted trichomes, proportionally longer cells, and simple 
tapering filam ent ends. The species are similar in the general nature of the 
sheath, the widely separated trichomes, and the tangled plant masses. 

D. yellowstonensis has been noted in the Yellowstone only in the 
Meadow Springs, on moist soil and rock in the vapor and steam from 



Fig. 73 . — Dasygloca yellow tonemis , loft, tip 
of filament (X330) ; center, middle por- 
tion of mature filament (X380) ; right 
trichome (X1260). 

hot springs. The type (no. 177) was growing at 38° C. The species is 
most freqnently found at about 32° C., and has been noted at from 26° C. 
to 44° 0. 

MICROCOLEUS Desmazieres 
Catal. pi. belg., p. 7, 1823. 

Filaments often forming slimy indefinite strata. Filaments unbranched or 
sparingly branched, mostly cylindrical for the greater part and mostly tapering 
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toward the apices. Sheaths mostly colorless, homogeneous, soft, and mostly 
slimy, otten thick, often difficultly visible, often confluent at maturity, 
Triohomes many to very many in each sheath, closely packed, and often 
entwined and rope-like. Tricliomo ends straight, often tapering and narrowed. 
End-cells mostly conical, sometimes capitate. 

The species of Microrolem inhabit salt and brackish water, salt marshes, 
etc., standing and flowing fresh water, moist rocks, tree trunks, soil, etc., 
and thermal springs. Of the thermal types 3/. sociaius W. & G. S. "West 
(incl. M. themalis Vouk) has been found in warm springs in Trance, 
Hungary, Croatia, Angola, and Turkestan; M. Steenstrupii Boye Pet. 
in hot springs in Iceland; and M. paludosus (Kiiiz.) Gom. in a warm 
spring near Puna, Hawaii, at 31° 0. (Tilden). 

In the Yellowstone the genus is of little importance. 

A single Yellowstone species. 

1. Mrt'Rot oo.afl Nteenstruvii Boye rotersen 
Fresliw. Cyan. Iceland, p. 201!, 1923. 

Filaments 30-05/t in diameter, unbranched or occasionally branched. Sheaths 
distinct, colorless, scarcely lamellate, up to 20 g in thickness, holding numerous 
trichomes. Triohomes often corded and twisted, 3-fi/i in diameter, feebly or 
not at all constricted at the cross walls. End-cells long-conical, neither 
capitate nor calyptrate, up to 13g in length. 

Up to the present there lias been the single record of Boye Petersen 
from Iceland for the species. 

Jn the Yellowstone it is occasional in the basic waters of the Geyser 
Basins. It has been noted in dolly Spring in the Lower Geyser Basin 
(3 1.0° 0.) and in Ohromalic Spring in the Upper Geyser Basin (28.0° C., 
pU.8.1.). 

Upper Temperature Limits for Life 

The living organisms fall into two distinct groups that differ sharply 
in their potential tolerance to elevalod temperatures. The nucleated 
plants and all animals exhibit, at most, an ability to endure heat up to 
52° 0. Hruos (1924, 1928, 1932) has presented abundant data showing 
•Hint 50-51° G. is tho upper limit for animals. There are no reliable 
records for the occurrence of plants with nucleated cells at temperatures 
in excess of approximately the same degree. In opposition, Myxophyceae 
and Bacteria in many cases grow normally at several degrees in excess of 
this. 
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Maximum Temperature Records* 
For Certain Groups of Organisms 


Group 

Myxophycetie 

Chroococcales . . . 
Chamaesiphonales 
Oscillatoriales ... 

Bacteria 

Chrysophyceae . . . . 

Cryptopliyceao 

Bacillariae 

Heterokonlae 

Clilorophyceae 

Isokontae 

Steplianokoutno . 

Conjugatae 

Phycomycetes 

Cliarophyceae 

Bryophyta 

rteridopliyta 

Gyinnospermae . . . . 

Angiospermae 

Protozoa 

Mastigophora . . . 

Sarcodina 

Infusoria 

Nemathelminlhes 

Rotifera 

Annelida 

Mollusca 

Arlkropoda 

Arachnida 

Crustacea 

Insocta 


Highest Temperature Noted in Highest known 

Present Study— Former Studies Temperature . 

85.2° C. . . <S5.0° C. (West) 85.2° C. 

84.0° C 84.0° O. 

80.0° C 80.0° O, 

85.2° C. . .83.0® C. (West) 85.2° C. 

88.0° C. . .89.0° O. (Setchell) .... 80.0° C. 

40.2° C 10.2° C. 

3D.9°C 39.0° C. 

50.7° C 50.7® C. 

32.5° C 32.5° C. 

50.3° C. . .48.0° O. (HeLauros) ... 50.5° C. 


27.6° C 27.6° O. 

50.5° C 30.5*0. 

37.2° C 37.2° 0. 

3S.1° C 38.1* V. 

43.0° C 43.0*0. 

20.0° C 20.0*0. 

4G.4° C 40.4*0. 

49.8° C 49.8*0. 

42.8° C. ..32.0* C.(?) (Issel) 52.0* C!.(?) 

30.0° C. . .37.0* 0. (Cleveland) .... 37.0° O. 

42.8° C. . .52.0* 0. ( V) (Issel) 32.0° 0. ( ?) 

39.4* C. . .51.0° C. (Issel) 51.0* 0. 

42.0*C. ..40.0*0. (Issel) 42.0*0. 

33.0* C. ..45.0*0. (Iloeppli, etc.). 45.0*0. 

40.0* C 40.0* 0. 

41.0° C. ..52.0° C.(?) (Studor) . . 52.0° 0. ( ?) 

50.0* C. . .31.0* C. (Wood) 51.0* 0. 

48.3* C. . .52.0° 0. (Wood) 51.0° 0. 

40.0* 0. ..50.5 * 0. (Moniorz) 50.5*0. 

50.0° C. ..50.0*0. (Brues) 50.0*0. 


An upper temperature limit for life lias never been satisfactorily estab- 
lished. The many records in part apply to the ability for continued or 
satisfactory growth, others were secured by experimental exposure of 
various organisms to elevated temperatures for varying periods of time. 
In some cases dormant structures (spores, cysts, tubers, etc.) have been 
employed. The majority of studies have dealt with few or non-represent- 
ative species. The obvious impossibility of certain records (e.g., Sonnerat, 

* Many records have been disregarded In the compilation of this table. Several of 
those omitted are highly improbable, and others do not add to the data presented. 
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17S(>, fish living in water at 8(>° C.) has led to notable skepticism toward 
tlio growth of organisms at temperatures quite favorable to certain species. 
The reported tolerance of seeds of certain Angiosperms, and of spores of 
various fungi and algae to temperatures above 31° C. is in need of con- 
firmation. In the table above the applicable data on the upper tempera- 
ture for growth of organisms of certain groups are summarized. 

The cardinal temperatures (the optimum or most favorable for growth, 
the minimum or lowest at which growth will occur, and the maximum or 
highest which will permit growth) are known to vary with changes in the 
chemical environment. It is advisable to restrict their application to 
behavior under the most favorable conditions that can be obtained for the 
organism. Similarly the growth temperature range includes the greatest 
range in which the plant or animal can grow when the environment is 
satisfactory. In general the optima are easily determinable; the minima 
and maxima difficult because of the truncation of temperature range by 
variations in acidity, concentration and availability of solutes, light inten- 
sity, etc. The so-called thermal death point has been shown to be non- 
oxistant (.Bigelow and listy, 1920, Bigelow, 1921), and thermal killing 
to be a function of temperature and length of exposure, subject to modifi- 
cation by variations in the environment. By shortening the exposure, 
higher temperatures may be survived. Thus, spoies of Bacillus mb Mis 
are killed by 80° (\ or loss if the exposure is prolonged to above three 
days, and arc* not destroyed at 130° (J. in less than two minutes (Meyer, 
1900). Similar effects have been obtained by numerous other workers. 
It is probable that with indefinite exposures, thermal death will occur at 
or near the maximum temperature (for growth). 

The Myxophyceae and Bacteria are known to grow at temperatures in 
excess of those withstood by other organisms. Setchell (1903), in the 
Yellowstone, found blue-green algae growing at 75-77° C. and bacteria 
at 89° 0. In Tibet, Hooker (1851) found Lcplolhrix (=zPhomidium) 
at 7*5.5° (J. Htraohoy (teste DeVarigny, 1893) observed algae in the same 
region at 78.8° O. West (1902) gave 85° C. as the upper limit for algal 
growth in the geysors and hot Rprings of Iceland. Schmid and Weis 
(1902) reported live algae in water at above 90° 0. (not necessarily grow- 
ing at this temperature!). Brewer (1800) claimed to have found algae 
at 9 1.5° 0. in springs in California. Miqucl (1888) isolated and studied 
the first well-known thermal bacterium, Bacillus thermophilus ; it grew 
at temperatures up to 72° C. Other investigators have found bacteria 
that grew, in culture, at temperatures of 70-80° 0. Setchell’s record of 
89° 0. is probably the highest legitimate observation for the growth of 
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bacteria. In this study the maximum temperature of 85.2° C. has been 
noted for the blue-green algae. Phormidvum bijahensis and Osdllatoria 
filiformis have been found growing in water that for sevoral weeks before 
the final observation did not drop below that temperature. Unidentified 
bacteria were found, in a similarly checked situation, at 88° C. Those 
temperatures are significantly close to West 9 a figure of 85° C. and 
SetchelPs of 89° C. for the same groups of plants. The maxima of 85.2° C. 
and 89.0° C. may be tentatively set for the Myxophycoae and Bacteria. 

The temperature limits of the other plant groups are in no case in 
excess of 51.0° 0. Mrs. Brues (in Brues, 1932) noted Disiichlis spic&ta 
with roots in soil at 52.5° 0. The author has noted an unidentified grass 
(sterile) rooted in friable sinter at almost the same temperature. Upon 
cytological examination the roots were found to be stunted and not under- 
going cell division. Unquestionably the plant was unable to withstand 
that temperature, but with the support of the above-ground parts func- 
tioning under non-thermal condition s, the plant as a whole remained alive. 
Diatoms have been credited to water well above 50-51° C. The probabil- 
ity of these records is extremely low, since the majority of workers clean 
and mount their material before study, and have no method of determining 
which species were living when collected. Frustules of dead diatoms are 
regularly found in certain hot springs at all temperatures, and their pres- 
ence is of no ecological interest. In Imperial Geyser the author has noted 
abundant and perfect diatom frustules in water at 89° C.; the geyser 
crater was recently blown through an old sinter-diatom deposit, and the 
specimens found in the spring are much older than the geyser. This 
spring came into being in 1928, and the diatoms had been dead at least 
80 years. Thermal observations on this group must be made with living 
or well-preserved material. 

The possibility of error in temperature determination is great, duo to 
fluctuations and local variations. Many springs have decided cycles of 
activity and records for organisms from these springs must bo made at 
the time of lowest temperature. Infrequently the activity of a spring will 
be accelerated and the temperature rise a few or many degrees. In such a 
spring old algal masses may remain in identifiable condition for several 
days and lead to erroneous temperature records. Water from large goysers 
may be blown over and heat strata of algae many degrees above their 
limit for growth. The temperature of water in hot springs may be sev- 
eral degrees higher than in the algal strata that are washed by the water. 
Consequently there are numerous improbable records in the literature, and 
considerable care must be used in considering them. 
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Nature of Thermal Susceptibility and Tolerance 

To account for the notable difference in tolerance of the groups of 
organisms several theories have been advanced. 

Meresclikowsky (1910, 19 ‘20) assumed flic oMsteuce of two types of 
protoplasm, the one type (mycoplasma), with special properties including 
heat tolerance, present in the bacteria and blue-green algae, the second 
type (amoebaplasma) (associated with symbiotic units of the former as 
nuclei, plastids, etc.,) comprising the groundwork of the protoplasm of 
the other organisms. His complex symbiosis theory is not at all involved 
in the problem of thermal tolerance. The distinction of two types of 
protoplasm has merit and is emphasized by the many peculiar features 
of the Sehizophytes (lack of nuclei, plastids, kinetic apparatus, golgi appa- 
ratus, chondrjosomes, absence of sexuality, tolerance to high temperatures, 
to certain toxins, etc.), but it should be noted that many Sehizophytes are 
not at all tolerant toward elevated temperatures. 

Brues (1928) suggested that destruction of the chondriosomes (not 
known in Sehizophytes) might account for the inability of the higher 
organisms to survive elevated temperatures. He states that the visible 
destruction of those bodies takes place at 48-50° C., approximately the 
upper limit for life of the groups that possess them. There is, at present, 
no direct evidence to support the view that chondriosomes are essential 
to life. Organisms of certain groups are killed by heat much below that 
said to destroy these bodies. Tlius marine Ooelonterata (Mayer, 1917) 
are unable to endure temperatures above 38.2° C., Echinodermata are 
tolerant at most of water at 30-32° C. (Jacobs, 1919), and the brown 
alga D esmarestia viridis is killed at 30° C. At such low but lethal tem- 
peratures the chondriosomes have not been shown to be injured, and 
apparently are not the criiically susceptible structures. In cells killed by 
various agencies (poisons, etc.,) the chondriosomes are often the first cell 
siruetures to show visible disintegration, and it is probable that their 
deterioration is a result rather than a cause of death. 

Several workers have suggested that the thermal organisms are a vestige 
of a primordial thermal flora and fauna. This view is so old that it is 
impossible to crodit it to any single person. Schnetzler (1889) thought 
the thermal Oscillatoriao (inch Phormidvwm) and certain thermal diatoms 
had such an origin. Setchell (1903) considered this theory in dealing 
with the Yellowstone organisms. Recently Youk (1923) discussed it at 
some length. This theory may fall in line with Mereschkowsky’s theory of 
the two types of protoplasm, the one an archaic type found in the relicts 
of the primordial life, the other a modern type found in recent types of 
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life. Brues (1928) has satisfactorily shown that the thermal animals are 
invaders of warm waters rather than types that have always been there, 
and that they are chiefly members of specialized groups with no primitive 
characters. His conclusions apply as well to the nucleated planis, and 
there are left to be considered in this theory only the Sehizophytes. Ob jec- 
tion may be raised to the existence of former thermal conditions on the 
earth, especially since the partial discard by geologists of the once popular 
nebular hypothesis and the substitution of the planetosimal hypothesis. 
This possible objection is feeble. There are geological remains of hot 
springs as far back as the early Paleozoic, and probable hot spring forma- 
tions in the Proterozoic strata. Volcanic action (at present regularly 
followed by the production of hot springs) certainly has occurred through- 
out the earth’s history (at least from Archean to present). It is not 
necessary to populate general thermal conditions or e\en larger numbers 
of thermal springs than are now in existence, to permit the development 
of an early thermal flora and its continuity to the present. 

Among the present-day Sehizophytes, just as with nucleated organisms, 
there are distinct specific thermal limits. Some blue-green algae have a 
very low temperature range; this is paralleled by the psychrophilic (cryo- 
philic) bacteria and by certain nucleated plants and animals. Others 
have their ranges covering a moderate temperature. The Sehizophytes 
are peculiar, not in lacking thermal specificity, not in including only forms 
able to live at high temperatures, but in including thermophilic species 
whose ranges extend above 51° C. It is suggested that the thermal blue- 
green algae and bacteria ha\e given rise, at various times, to mesophilic 
forms. These in turn have given rise to other mesophilic types, and in 
certain eases to the psychrophilic and to the secondarily thermophilic 
forms. The origin of all the non-thermal species directly from thermal 
ones is not probable and is certainly not indicated by the available 
evidence. 

The differentiation of organisms into (artificial) groups on the basis 
of optimum temperatures is flexible. Many authors have followed the 
system used abo\e: psychrophilic organisms with optima below 20° 0., 
mesophilic with optima between 20° C. and 43° C., and thermophilic with 
optima above 45° C. With these definitions there are probably no truly 
thermophilic nucleated plants or animals. The numerous special terms 
variously employed to designate certain typos of temperature relationships 
are in need of standardization or definition when used. 

The essential problem of thermal tolerance and susceptibility is the 
finding of factors or processes that determine specific temperature 
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ranges, and secondarily the dclennination of the cause of thermal killing. 
The Schizophytes are more adaptable in the .first, more resistant toward 
the second. 

Differential temperature coefficients for the several processes in metabo- 
lism may account for the specific* temperature ranges. Zinsser (iffilt) 
suggested that the temperature coefficient of the catabolic* reactions is 
greater than for the anabolic processes. With an increase in temperature 
there results an increase in rate of! all chemical and physical reactions, 
producing greater efficiency up to an optimum for growth. Above this 
point further increase in temperature would accelerate the catabolic 
processes to such an extent that the anabolic processes would be more nearly 
neutralized and a metabolic balance in the colls could be maintained only 
with a diminution in growth. At a rather definite temperature (the maxi- 
mum) a final and critical balance would be reached at which growth would 
he stopped. At this point constructive and destructive metabolism Mould 
exactly balance. If the temperature was raised further, catabolism would 
exceed anabolism and death would eventually ensue. This theory is in 
harmony with the known behavior toward elevated temperatures. Length 
of exposure is definitely linked with killing effect. This implies a progres- 
sive process rather than an immediate destruction. Thermal acclimatiza- 
tion to a limited extent has been produced in numerous organisms. This 
is possible only if thermal adjustment is due to a function or process that 
is readily changed by the protoplasm of the cells. Following death by 
metabolic unbalance, visible disintegration (of chondriosomes, etc.,) or 
coagulation could proceed variously. Putter (1914.) held a view similar 
to that of Zinsser, lie postulated a constant value of Q 10 for a "basic 
reaction” and a higher value for a "Qcgenreaction”. With an increase in 
temperature the reverse reaction would gradually neutralize the construc- 
tive processes. 

The endurance of especially high temperatures by bacterial spores has 
been tentatively explained by the assumption that “since heat killing is 
due to protoplasmic coagulation, increase in the concentration of the 
protoplasm (as in spores, cysts, etc.,) would raise the coagulation point”. 
This assumption (true in respect to concentration effect on coagulation of 
certain proteins) is not based on necessarily applicable evidence. The 
bulk of work on protein coagulation has dealt with reserve proteins (as in 
seeds, egg albumen, etc.,), and may not apply to protoplasm. The pro- 
teins of heat-resisting spores are unknown. In resting structures vital 
processes are carried on at a reduced rate. This reduction must be due 
either to lower concentration of the catalysts effecting metabolism, or to 
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the lowered supply of materials for the reactions. In either case the 
acceleration by a temperature rise to above the maximum would cause 
death less promptly due to the inherently slower rates of the processes that 
speeded up to the potentially lethal point. Up to the present no spores 
have been shown to be immune to killing by temperatures fatal to active 
cells of the same species, when the exposure is prolonged. Heat toler- 
ance of spores exists for definitely limited durations only. 

Thermal Distribution op the Yellowstone Myxophyceae 

The vigor of growth and abundance of Myxophyceae in thermal waters 
are apparently greater than in cooler habitats. Strata of the various blue- 
green algae solidly cover the bottoms and sides of all physically satisfac- 
tory springs and overflows at temperatures up to cir. 65° C. Above that 
temperature the abundance gradually decreases. The Myxophyceae are 
much more abundant in thermal than non-thermal sites in the Yellow- 
stone. Strata of Phormidium ten centimeters thick occur in some springs. 
The great abundance results in sharp competition, and many species live 
as epiphytes. 

Thermal Distribution' of Yellowstone Myxofiiyceal 


Temperature 

Species <& Varieties 

Number of 
Q-enci a 

Families 

Orders 

10-15° C 


15 

6 

3 

15-20° C 


21 

7 

3 

20-25° C 


27 

S 

3 

25-30° C 

S6 

34 

11 

3 

30-35° C 

90 

35 

11 

3 

35-40° 0 

86 

34 

13 

3 

40-45° 0 

76 

30 

13 


45-50° 0 


20 

12 


50-55° 0 


17 

J) 


05-60° C 

43 

14 

5) 

3 

60-65° C 


10 

7 

3 

65-70° 0 

18 

6 

B 

3 

70-75° C 

9 

5 

4 

3 

75-80° 0 


4 

3 

3 

80-85° 0 


4 

3 

3 

85-80° 0 

2 

o 

1 

1 

90-95° C 


0 

0 

0 


The greatest number of species was noted at cir. 35 9 C. Possibly some 
significance may be drawn from the dose approximation of this to the 
temperature of the many homoeothermal animals. Several species exhib- 
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ited a wide temperature range (up to 46° C.) but the majority were 
important through ranges of less than 25° C. 

Reaction of the water (pH.) excits a marked effect on distribution, and 
apparently the greatest abundance of Myxophyeoae occurs at cir. pH. 8.0. 
The total range noted in the springs with algal growth was pH. 3.65-9.40. 
“Few species existed through a range of more than 3.00 units, and the 
majority were restricted to a range of 3.00 units or less. 

Itl'ACUON DlSTlilBVlION OF YlXLOWbTONE MYXOPHYCEAE 


Number of 

Acidity Species & Varieties Genera Families Orders 

pII.2.0-3.0 1111 

PH.3.0-3J 1111 

ptI.3.4-3.8 1111 

pH.3.8-4.2 1111 

pH. 4.2 1.0 2 2 2 2 

pH.4.(S-5.0 4 4 4 3 

pH. 0.0 -5.4 11 8 0 3 

pn. 5.4r-5.8 11 9 0 3 

pll. 5.8-0.2 24 12 0 3 

pH. C.2-0.0 40 18 9 3 

pn. C.C-7.0 53 21 11 3 

pH.7.0-7.4 08 23 11 3 

pH. 7.4-7.S 72 24 11 3 

pH. 7.S-8.2 92 31 11 3 

pU.a2-b.0 84 29 10 3 

pH. 8.0-9.0 58 21 9 3 

pH. 9.0-9.4 26 12 7 3 


The thermal waters of the Yellowstone are deficient in combined nitro- 
gen, and all thermal springs are low in dissolved oxygen. Other necessary 
snbhtoncos are generally present in satisfactory amounts. The nitrogen 
deficiency seems to have no marked effect on growth or normality of the 
blue-green algae. The oxygen shortage seems to be of little consequence, 
and apparently considerable oxygon is liberated in photosynthesis. 

With the exception of a very few springs (Chocolate Pots, Soda Spring, 
etc.,) distribution seems to depend chiefly on temperature, pH. of water, 
supply of water, and amount of light. Within the Park little evidence 
of isolation is shown by the flora of the several springs. 

Origin and Relationships op the Yellowstone Thermal Flora 

The Yellowstone thermal algae may be conveniently divided into five 
rather definite groups on the basis of their ecological and phyletie rela- 
tionships. ,i, '.i u 
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I. Tropical species occurring in thermal sites of approximately the 
same nature as those favored in the tropics. A few species as Plecionema 
Dangeardii Fr4my, Oscillatoria Lemmermanmi Wolosz., and Ilivvlaria 
globiceps G. S. West arc known only from the tropics and from slightly 
warm thermal waters. 

II. Local species (incl. cosmopolitan forms) of cool waters occurring 
in the cooler thermal waters. Many local species invado the thermal 
springs, and are often important up to 30° 0. They rarely occur above 
40° C. and become more abundant as the waters cool to temperatures com- 
parable with those of meteoric waters. Such important species as 
Gloeocapsa arenaria (Hass.) Bab., G. rupestris Kiitz., G. stegophila (Itz.) 
Bab., Aphanothece saxicola Naeg., Chamaesiphon inci'uslans Grun., 
Stigonema hormoides (Kiitz.) Born. & Flah., Calolhrix fusca (Kiitz.) 
Born, et Flah., Tdlypoilirix disboHa Kiitz., Nosboc pai-melioidGS Kiitz., 
and many of the plants of groups other that the Myxophyceao are of this 
type. Many animals of thermal waters are of the same nature. 

III. Facultative species of wide geographical range anrl great toler- 
ance to diverse and variable conditions. Many of the blue-green algae 
occur in several of the more difficult or unusual habitats : warm water, 
brackish water, sulphide springs, sulphur springs, iron springs, mineral 
springs, polluted water, damp mud, and caves. Among the Yellowstone 
species of this group are Spirulina maior Kiitz., Oscillatoria chalybea 
Mert., 0 . amphibia Ag., 0. terebnformis (A g.) Gom., 0 . splendula Grcv., 
0 . amoena (Kiitz.) Gom., 0. formosa Bory, and Phormidium tenue 
(Menegh.) Gom. In general they are restricted to water below 51° C., 
and include both transitional and low thermal forms. According to the 
data of Brues (1928, 1932) many animals fall into this group, and 
apparently several of the nucleated plants are comparable in their 
relationships. 

IY. Varieties and species closely related to non-thermal forms, but 
occurring chiefly or exclusively in thermal waters. Such forms as 
Chroococcus minutus var. fuscus (of this paper), Symchococcus elongalus 
var. amphigranulatus (of this paper) , Microchaete bullosa (of this paper) , 
SpirvMna Idbyrinthiformis Menegh., and Oscillatoria Boryana (Ag.) Bory 
represent this group. The thermal diatom, Denticvia thermalis Kiitz., 
certain Conjugatae, and some thermal animals are to be placed here. 
Low and moderately typical thermal species that may (with the Myxo- 
phveeae) extend into water as hot as 65° 0. make up this group. 

V. Truly thermal species most closely related to other thermal organ- 
isms and in many cases of groups restricted to thermal waters. The many 
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high thejmal and the several thermal limital species of Myxophyeeae (and 
Bacteria) are grouped into this alliance. Several low thermal and tran- 
sitional forms are allied with them and may be considered as derivatives 
that in eases are adjusted to lower temperature ranges. No nucleated 
organisms are of this typo. Such genera as Thalpophila, Colteronema, 
Albrujhtm, Pluto , and Bacillosiphon , such species groups as the extremely 
minute species of Dhormidmm and the elongate species of iSynethocoetus 
make up this collection of typical thermophilic organisms. 

The truly thermal species give no evidence of having been derived from 
non-thermal sources. It seems probable that they represent stocks that 
have always lived in water of an elevated temperature. Quite possibly 
the Myxophyeeae, as a class, originated in hot water, and the numerous 
modern cool water species have been derived from thermal ancestry. It 
is certain that the Myxophyeeae and Bacteria occupy a position not to be 
assumed by the incidental and aberrant thermal representatives of the 
higher organisms. All of the orders, most of the faraiLios, and the majority 
of the important genera of the blue-green algae include thormal species. 
The morphologically and nutritionally most primitive organisms include 
the Myxophyeeae, and their notable incidence in thermal habitats suggests 
the probability of the origin of living organisms in the thermal waters. 
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